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For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 

TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 

Urinary tract infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 

Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 

kin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 

Gynecologic infections caused by Staphylococcus aureust (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,t and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species*). 

intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniaet), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 

B thetaiotaomicron). 

Bone and joint infections caused by Staphylococcus aureus.t 

“NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 

t Efficacy for this organism in this organ system was studied if fewer than ten infections. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord. 

if there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
Spates fe contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful A karring be made to determine whether the 
patient has had previous hypersensitivity reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require oe and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
esa pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 

INFORMATION FOR PATIENTS: As with some other cephalosporins. a disulfiram-like reaction 
characterized by rr sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 

ni ner of alcoholic beverages following the administration of CEFOTAN. 

DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should 
be carefully monitored, especially if higher dosages of the aminoglycoside are to be administered or if 
therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycoside antibi- 
otics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible 
that ny pa may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 

with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
creatinine reported. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
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CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approx 2-4 times the usual human dose), only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. Similar lesions have been observed in 
experiments of comparable design with other methylthiotetrazole-containing antibiotics and impaired 
fertility has been reported, particularly at high dose levels. No testicular effects were observed in 
7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs (3 weeks old) that 
received up to 300 magdy IV for 5 weeks. The relevance of these findings to humans is unknown. 
USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 

and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
Studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal symptoms occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 80) 
and nausea (1 in 700). 

Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 

(1 in 200), positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700). 

Local effects were reported in less than one percent of patients and included phlebitis at the site o 
injection (1 in 300), and discomfort (1 in 500). è 
DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be teter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative orgapism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 


Creatinine Clearance WITH IMPAIRED RENAL FUNCTION 


mL/min Dose Frequency 
>30 Usual Recommended Dose* Every 12 hours 
10-30 Usual Recommended Dose* Every 24 hours 
<10 Usual Recommended Dose* Every 48 hours 


*Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. The vials 
should not be stored at temperatures above 22°C and should be protected from light. 

1g in 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21). 
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Now Lippincott... the world's premiere 
publisher of cancer information...brings you 
a major breakthrough in medical publishing... 


OncoDisc w 


Produced by |. S. Grupe, Inc. 


Your personal oncology library...always on call! - / 7 





Now. . . using the exciting new technology of CD-ROM, 
Lippincott's OncoDisc® brings you and your staff unlimited 
and immediate access to the equivalent of more than 
250,000 pages of cancer information on a single disc! 


This remarkable optical disc will work with your PC to 
give you the information you need, when you need it: treat- 
ment information, procedures, abstracts of the latest re- 
search, physician and organization directories, and refer- 
ence materials. . . answers to your questions 24 hours a 
day, 7 days a week. 


Gives you the three foremost 


in one @asy-to-access source: 


1. Cancer Treatment Information 

Physician Data Query® (PDQ): A set of related, state-of-the-art 
cancer treatment databases generated by the National Cancer 
Institute. 


2. Cancer Literature 
Cancerlit®: The bibliographical cancer research database 
generated by NCI. 


3. Landmark Cancer Texts and References 

The full text, references, illustrations, and indexes of Lippincott’s 
landmark books: 

= Cancer: Principles and Practice of Oncology, 2nd Edition 
(DeVita, et al.) 

m important Advances in Oncology 1985, 1986, 1987, 1988— 

4 volumes (DeVita, et al.) 

w Manual for Staging of Cancer (Beahrs) 


For mail order service direct, please use this convenient coupon. Or call us TOLL FREE 1-800-523-2945 FS% 
and ask for Karen Anderson. In Pennsylvania, call collect 215-238-4443. 
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Gives you a powerful 
retrieval package 

With OncoDisc®, you get one of the most powerful and com- 
plete retrieval software packages available for CD-ROM data- 
bases—SearchLITE®. With SearchLITE®, you can either search 
OncoDisc® through a series of easy-to-use menus and com- 
mands or you can search directly using key words and Boolean 
operators. 


OncoDisc® 


/ One CD-ROM disc, issued quarterly 

v Late-breaking developments delivered to you monthly 
/ SearchLiTE® Retrieval Software 

/ User’s Guide 

/ User support through I.S. Grupe, Inc. 


En o etl 


O YES! Please send me the OncoDisc® demonstration kit. 


Name Adcress 
n a Nee a eS a ee ee S City / State / Zip 
Institution Telephone # 


Signature 


J. B. Lippincott Company = OncoDisc® Department, East Washington Square, Philadelphia, PA 19105 
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New Thrombostat 
10,000-unit kit 
complements classic 
20,000-unit kit 


K THROMBOSTAT® (Thrombin, USP) is now avail- 

| able in a new 10,000-unit sterile kit—providing the 
’ same distinct and important advantages as the 
classic 20,000-unit kit. 


A sterile pump sprayer in each kit ensures easy 
application and even distribution of THROMBOSTAT 
solution for more uniform hemostasis. The need for 
| syringes is completely eliminated with the improved 
/ THROMBOSTAT sterile transfer device, a 
and the appropriate volume of diluent en- 
| sures proper strength of THROMBOSTAT 
solution for rapid, reliable hemostasis. 
Finally, the entire contents of the new § 
THROMBOSTAT 10,000-unit kit, like 
/ the 20,000-unit kit, can be intro- | 
duced directly into the operating field [ES 
because the inner tray and con- ewe) 
tents are completely sterile. This 
saves valuable time in a vari- 
ety of surgical procedures. 












Today, get the precision and control you expect 
from a precision instrument—with the classic 
THROMBOSTAT 20,000-unit kit, and now, the new 
THROMBOSTAT 10,000-unit kit. 


THROMBOSTAT KIT 
THROMBIN, USP. 





igk more information about the 

convenient THROMBOSTAT® 

10, 000-unit kit, simply fill out 

the coupon and mai! to: a 


Parke-Davis, Division of Warner-Lambert Company 


201 Tabor Road, Morris Plains, New Jersey 07950. ‘Attn: Carol Holmelund. AS(3-89) 


PHYSICIAN'S NAME (please print) 
Please see next page for brief summary 
of prescribing information. 


ADDRESS 


CITY STATE ZIP 


DMP- CONANA DNI NA 
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THROMBIN, USP 
THROMBOSTAT® 
(Bovine Origin) 


Before prescribing, please see full prescribing information. 
A Brief Summary follows: 


Thrombostat must not be injected! Apply on the surface of bleeding 
tissue as a solution or powder. 


INDICATIONS AND USAGE: Thrombostat (Thrombin, USP) is indicated as 
an aid in hemostasis wherever oozing blood from capillaries and small 
venules is accessible. 

In various types of surgery, solutions of Thrombostat may be used in 
conjunction with Absorbable Gelatin Sponge, USP for hemostasis. 
CONTRAINDICATIONS: Thrombostat is contraindicated in persons known 
to be sensitive to any of its components and/or to material of bovine origin. 
WARNING: Because of its action in the clotting mechanism, 
Thrombostat must not be injected or otherwise allowed to enter large 
blood vessels. Extensive intravascular clotting and even death may 
result. Thrombostat is an antigenic substance and has caused sensi- 
tivity and allergic reactions when injected into animals. 
PRECAUTIONS: General: Consult the absorbable gelatin sponge 
labeling for complete information for use prior to utilizing the thrombin- 
saturated sponge procedure. 

Pregnancy —Teratogenic effects: Pregnancy Category C. Animal! 
reproduction studies have not been conducted with Thrombin, Topical 
(Bovine). It is also not known whether Thrombin, Topical (Bovine) can 
cause fetal harm when administered to a pregnant woman or can affect 
reproduction capacity. Thrombin, Topical (Bovine) should be given toa 
pregnant woman only if clearly indicated. 

Pediatric Use: Safety and effectiveness in children have not been 
established. 

ADVERSE REACTIONS: Allergic reactions may be encountered in persons 
known to be sensitive to bovine materials. 

DOSAGE AND ADMINISTRATION: General: Solutions of Thrombostat 
may be prepared in sterile distilled water or isotonic saline. The intended 
use determines the strength of the solution to prepare. For general use in 
plastic surgery, dental extractions, skin grafting, neurosurgery, etc, solu- 
tions containing approximately 100 units per mL are frequently used. For 
this, 10 mL of diluent added to the 1000 unit package is suitable. Where 
bleeding is profuse, as from cut surfaces of liver and spleen, concentrations 
as high as 1000 to 2000 units per mL may be required. For this the 5000 unit 
vial dissolved in5 mLor 2.5 mL, respectively, of the diluent supplied in the 
package is convenient. Intermediate strengths to suit the needs of the case 
may be prepared by selecting the proper strength package and dissolving 
the contents in an appropriate volume of diluent. In many situations, it may 
be advantageous to use Thrombostat in dry form on oozing surfaces. 
Caution: Solutions should be used immediately upon reconstitution. If 
necessary, refrigerate the solution and use within 3 hours of reconstitution. 
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provides two volumes — over 1,500 pages — of practical 
information on both critical and elective care. 

And, CARE of the SURGICAL PATIENT is updated twice a year, 
with each surgeon-author reviewing his own specialty. Updates 
include new information on significant topics, such as current 
developments on AIDS. 
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information in such an intelligent way. 
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retrieval. 


CARE of the SURGICAL PATIENT is designed to get you the 
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Quickly. And intelligently. 

The key is the system’s three-part format. Chapters begin with 
a full page algorithm — the relevant facts at a moment's glance. 
Next, there’s a detailed explanation of each element laid out in 
the treatment pathway. The third section covers etiology, 
pathobiology, and relevant clinical advances, as well as current 
references. 
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Without having to wade through everything else. And unlike 
most texts, CARE of the SURGICAL PATIENT covers topjgs in 
order of urgency, instead of by organ system. Which’means you 
have access to information as it relates to the real world 
treatment of the patient. 
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Morbid obesity is a major health problem in this country and 
throughout the world. In addition to its social stigma (in the 
western world), obesity exacerbates several disease states such 
as diabetes, hypertension, cardiac disease and restrictive lung 
disease. When effective medical treatment of obesity becomes 
available, it will depend in part upon understanding the physi- 
ologic factors that control satiety. This review summarizes the 
information available on brain and gut control mechanisms of 
satiety. Brain nuclei located in the lateral hypothalamus, ven- 
tromedial hypothalamus, and other paraventricular areas are the 
sites of action for potent neuropeptides, such as cholecystokinin 
(CCK) and neuropeptide Y, that appear to regulate feeding. Ex- 
ogenous CCK has been used clinically to decrease meal size in 
obese patients. The sites of the satiety cascade that are most 
often manipulated are the gastric and intestinal phases. Physi- 
ologic gastric distension is a potent inhibitor of feeding, whereas 
the intermeal interval may be regulated by intestinal signals re- 
leased by food in the gut. Jejunal-ileal bypass has fallen from 
favor and has been replaced by gastric restrictive procedures 
that create a small proximal gastric pouch that empties into the 
small bowel (gastric bypass) or the distal stomach (gastroplasty). 
These operations rely partially on their ability to produce gastric 
distension in the proximal gastric pouch at an early stage during 
a meal. Thus, failure results if the pouch compensates by dis- 
tending or if the stoma widens with subsequent loss of slow emp- 
tying. Improved medical and surgical treatment will be designed 
to intervene at specific sites of the satiety cascade as knowledge 
of the physiologic control mechanisms of satiety increases. 
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From the Department of Surgery, Duke University Medical 
Center, Durham, North Carolina 
ORBID OBESITY CONTINUES TO BE. a~ieading 
M health issue in this country. Obesity compli- 
cates adult-onset diabetes mellitus, hyperten- 
sion, and cardiovascular disease, and therefore a weight- 
increase of 20% more than the ideal body-weight results 
in an approximately 20% decrease in life expectancy.’ The 
morbidly obese also develop an array diseases directly re- 
lated to excess body weight, such as the Pickwickian syn- 
drome.” Diets are successful in a limited number of pa- 
tients, but rarely help the patient to maintain long-term 
weight loss, and other forms of behavioral modification 
have yielded similarly poor results.* Pharmacologic prep- 
arations either do not work or have unacceptable side 
effects.*° Jaw fixation produces satisfactory short-term ef- 
fects but has limited long-term benefit.° Surgical treatment 
of obesity has held promise in producing and maintaining 
weight loss.’ Jejunal-ilial bypass and related operations 
rely on limiting the absorptive area of the gut and creating 
a short gut-like condition.® These patients lose weight and 
are able to maintain their reduced weight during long- 
term follow-up.’ Unfortunately, these operations are 
fraught with a complication rate that exceeds 40%. Most 
of these complications occur late and include liver failure, 
nephrolithiasis, chronic electrolyte abnormalities, and 
persistent diarrhea. ° 
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TABLE 1. Treatment of Morbid Obesity 
Weight Loss 
Follow-up (% of preoperative 

Treatment (years) weight) 
Diet’ 2 8% 
Behavior modification? 5 0% 
Jaw fixation® 2 13% 
Jejunal-ileal bypass?’ 2-5 33-36% 
Gastric bypass®”? 3-5 34-38% 
Gastroplasty''°' 2-4 25-38% 
Gastric balloon”! 0.5 12% 


Recently, operations that restrict gastric size (e.g., gastric 
bypass and gastroplasty) have produced adequate weight 
loss, but have a high incidence of technical failure and 
less remarkable long-term results.'' It is clear that the ideal 
operation for morbid obesity has not yet been described 
(Table 1). 

In this review we discuss the physiologic mechanisms 
that affect satiety in animals and man. As we have in- 
creased our knowledge of the physiology and pathophys- 
iology of disease processes such as coronary artery disease, 
the treatment modalities directed at mechanisms of dis- 
ease yield improved outcomes. Better understanding of 
the physiologic control of feeding may lead to improve- 
ment of the surgical and medical manipulation for the 
treatment of obesity. 


Mechanisms of Satiety 


= o A 


Brain 


Ultimate control of feeding lies in the brain, and the 
major brain centers that control eating are in the hypo- 
thalamus. !>!? Lateral hypothalamic nuclei (LHN) are the 
areas that produce active feeding. Discrete lesions in the 
LHN of rats cause diminished feeding and weight loss.'* 
There is evidence that hunger is a constant state in most 
animals and that satiety is merely the interruption of that 
cycle. This would explain why certain animals are con- 
tinuous grazers (e.g., the sheep and the goat). 

Ventral medial hypothalamic nuclei (VHN) are the sa- 
tiety centers, and discrete lesions cause continuous feeding 
and obesity in rats.!? Also, injection of anesthetic agents 
into the VHN produces feeding in satiated animals.'> It 
is not yet clear how these two centers interact, but peptide 
neurotransmitters may play a role. Cholecystokinin 
(CCK) is a neuropeptide widely distributed in the brain.'® 
It has been shown to inhibit feeding when administered 
in the ventricular system of the brain in a variety of an- 
imals, including sheep,'’ dogs,'® pigs,'? and chickens.”° 
Because CCK-8 antibody”! stimulates feeding when ad- 
ministered in the brain, it has been presumed that CCK 
acts physiologically in the brain to cause satiety. 

Neuropeptide Y (NPY), another central peptide found 
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in various brain centers, is a potent stimulant of feeding 
in the brain of rats”? and dogs.” The physiologic impor- 
tance of NPY in the brain is not known, but interactions 
with CCK at the hypothalamic feeding centers have been 
hypothesized. Bombesin also affects feeding when injected 
into the ventricular system of rats,” but its physiologic 
significance is not clear. 

Peptides that control appetite in the brain do not func- 
tion through changes in gastric emptying.” CCK-8, a 
central inhibitor of feeding, accelerates gastric emptying 
and therefore its satiety effects cannot be dependent on 
changes in gastric emptying. Similarly, although brain 
NPY accelerates feeding, it slows gastric emptying when 
administered in the brain. 


Stomach 


For many years it was presumed that the stomach held 
the premier role in appetite control. As surgical skills de- 
veloped and gastrectomy became possible, it also became 
apparent that the role of the stomach in satiety was less 
important. It now appears that the stomach is but one of 
many organs that contribute to the physiologic control of 
feeding. 

Gastric distension is the physiologic signal that the 
stomach uses to control satiety.’ Classic studies by 
Grossman’’* on esophageal fistula dogs showed that the 
duration of sham feeding could be shortened by balloon 
or inert gastric distension. In order for gastric distension 
to cause satiety, it must be paired with active feeding, 
because distension introduced 5-20 minutes before sham 
feeding does not cause satiety.” Recently, it has been 
shown that the amount of gastric distension that occurs 
during a normal meal is sufficient to cause satiety, re- 
gardless of whether it is caused by nutrient, inert, or bal- 
loon distension.” 

Gastric distension probably acts on stretch receptors 
that increase their firing rate during a gastric load.”° Signals 
from these receptors may travel through the vagi to the 
tractus solitarius.” Further connections to the hypotha- 
lamic satiety centers have not been demonstrated. 

Gastric distension is probably an early immediate sa- 
tiety signal to stop active feeding. The mechanism that 
controls the intermeal intervals are less clear, although 
changes in gastric emptying may be important. Gastric 
motor activity is slowed by sham feeding,*' intragastric 
osmotic loads,” and intragastric meals.** The rate at which 
the stomach empties its contents controls the rest of the 
gut. As nutrients pass the pylorus, a variety of peptides 
are released that further slow gastric emptying. Both CCK 
and peptide YY (PYY) are released by intestinal nutrients 
and are potent inhibitors of gastric emptying.***° This 
delay in gastric emptying may perpetuate the sensation 
of satiety associated with gastric distension. 
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Small Intestine and is released in response to feeding. It is a reputed satiety 
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There are several mechanisms by which the small bowel 
is thought to mediate satiety. There are osmoreceptors in 
the duodenum that may cause satiation. Animal studies 
have shown that high osmotic duodenal irrigation (with 
or without calories) produces satiety.*°*’ In rabbits, nu- 
trient duodenal osmotic loads also stop feeding by a va- 
gally-dependent pathway.** This putative osmotic receptor 
may release CCK after a meal. Peripheral CCK has been 
touted as a potent hormonal satiety signal, and a variety 
of studies show the effect of CCK on feeding in mice, rats, 
rabbits, dogs, monkeys, and humans.'*?°-* This periph- 
eral satiety effect of CCK is vagally-dependent™ and occurs 
without evidence of nausea or taste aversion when the 
doses studied are within the physiologic range. Although 
recent evidence suggests that peripheral CCK does not 
have a physiologic role in early satiety,'*® it may be im- 
portant in controlling the intermeal interval. If peripheral 
CCK causes satiety, it may depend on its inhibition of 
gastric emptying to do so. 

There has recently been evidence that peripheral CCK 
may be taken up by the brain to produce its satiety action. 
The area postrema contains a deficient blood-brain barrier 
that brings brain tissue in close proximity to the peripheral 
circulation. Ablation of the area postrema blocks the sa- 
tiety action of peripheral CCK.*° Reliable radioimmu- 
noassays for CCK are still lacking, so confirmation of the 
physiologic role of CCK in delayed satiety is not yet avail- 
able. 

Distension occurs in the intestinal tract during a meal, 
but this distension is very low-pressure. High-pressure 
distension of the gut causes anorexia, retching, and vom- 
iting. The effect is blocked by denervation*® and may be 
of importance in pathologic conditions such as bowel ob- 
struction.*’ High-pressure intestinal distension does not 
occur in physiologic postprandial conditions. Neverthe- 
less, there are intestinal tension receptors that fire with 
spontaneous activity and show increased activity with as 
little as 0.2 ml of saline in the jejunum.” Mechanorecep- 
tors are found in the jejunum that do not respond to 
stretching, but do respond to the stroking of the mucosa. 
These probably fire physiologically in response to food 
moving across the mucosa*® and may send signals that 
connect centrally to satiety centers.*” The vagus has a di- 
rect effect on the small bowel to influence food intake. 
Vagotomy abolishes the satiety effects of duodenal feeding 
in rabbits’? and rats.’ This observation is also true of 
intraduodenal infusion of saline, suggesting that the vagus 
is involved in more than simple CCK release from the 
small bowel. 


Other Hormones That Effect Satiety 
Pancreatic polypeptide (PP) is a 36-amino acid peptide 
that is produced by the delta cells of the pancreatic islets 


hormone that is deficient in children with hereditary forms 
of morbid obesity.°' Whether PP deficiency is the cause 
of obesity or just a marker is not clear. Pancreatic poly- 
peptide does decrease food intake,’ although the doses 
required are believed to be supraphysiologic.~° 
Bombesin is a 14-amino acid peptide originally isolated 
from frog skin, and has been shown to inhibit food intake 
in rats.°* In mammals, it is a naturally occurring peptide 
(gastrin-releasing peptide) and is believed to be a neuro- 
transmitter.” Bombesin is a potent releaser of CCK and 
may cause satiety through this mechanism. Whether or 
not bombesin can produce satiety exclusive of its CCK 
effect is not known. Somatostatin,”° glucagon,’ calci- 
tonin,°® and thyrotropin-releasing hormone (TRH)””’ also 
seem to affect appetite when administered peripherally. 
Of these, only somatostatin has characteristics of a satiety 
agent; the others have a disruptive behavioral effect. 


Theoretical Satiety Cascade 


We propose a simplified satiety cascade that contains 
the essentials of the known control of feeding. NPY may 
be released tonically from the hypothalamus to drive the 
subjective sensation of appetite. The mechanism for stop- 
ping active feeding is probably gastric distension. Once 
feeding is stopped, food passage into the duodenum re- 
leases CCK, which may act centrally and/or peripherally 
to lengthen the intermeal interval. Feeding starts again 
when peripheral or central CCK levels fall and allow NPY 
to again drive the feeding center. - 

Obviously, this cascade is rudimentary and does not 
include post absorptive (i.e., nutrient effect of protein vs. 
carbohydrate diet) and hepatic satiety signals, nor does it 
fully address the complexities of centrally mediated satia- 
tion. 


Possible Sites of Intervention 


In the past, obesity has been treated by behavioral 
modification, appetite suppressors, and operations that 
decrease absorption. Perhaps more effective intervention 
is possible as we better understand the physiologic and 
pathophysiologic mechanism that control eating. 

In humans, it is not currently possible to chronically 
inject peptides in the brain. In animal systems when 
chronic ventricular injections are possible, CCK-8 injec- 
tions cause weight loss.°° It is not known whether long- 
term cerebroventricular CCK-8 causes persistent satiety. 
Similarly, inhibition of NPY released centrally may sup- 
press appetite, although this has not been demonstrated. 

Using factors that cause gastric distension is a viable 
means of intervention. Gastroplasty®' and gastric bypass®? 
utilize distension in a small proximal fundic pouch to 
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produce early satiety. The small diameter of the passage 
of the lower pouch or the small bowel ensures pouch dis- 
tension during a meal. Any failure to maintain less than 
1 cm of passage leads to failure of these procedures.®° It 
is likely that the upper pouch dilates during chronic dis- 
tension and may lose its sensitivity to that distension. 
Whether distension factors cause satiety during long-term 
follow-up after these operations is not known, but mod- 
ifications of these operations that successfully restrict the 
emptying of the proximal pouch appear to be successful. 
Factors that control gastric emptying also seem to affect 
appetite. Vagotomy without pyloroplasty causes weight 
loss in obese patients, although good results occur only 
in a fraction of the patients.” 

_ There are a variety of naturally occurring peptides that 
are inhibitors of gastric emptying, and these include CCK, 
PYY, corticotropin-releasing factor (CRF), secretin, and 
glucagon. Of these, CCK is a proven physiologic inhibitor 
of gastric emptying.” In fact, CCK may control the in- 

‘termeal interval by prolonging gastric emptying. However, 
excessive CCK does cause discomfort and nausea, and 
this may limit its clinical usefulness. Nevertheless, clinical 
use of small doses of intravenous CCK-8 are effective in 
limiting the size of the meal ingested by obese patients.*? 
The long-term use of intravenous (I.V.) CCK-8 to control 
appetite or intermeal interval has not been studied. PYY 
is a candidate hormone that may physiologically control 
intestinal transit and gastric emptying.” PYY is found in 
the ileum and colon and is released by nutrients in the 
gut; it also inhibits gastric emptying to a degree similar 
to that of CCK-8.*° At high doses, PYY causes retching,” 
and its effect on human satiety has not been studied. 

CRF is a stress hormone that is a potent inhibitor of 
gastric emptying.°’ CRF has a greater effect on gastric 
emptying than PYY or CCK-8 and has fewer side effects; 
it also decreases feeding in rats. If a long-acting analog 
of CRF becomes available, it may be clinically useful in 
the study of obesity. 


Current Surgical Control of Obesity 


The complications of the jejunal-ileal bypass have been 
well-chronicled.!° Still, the extensive clinical experience 
with jejunal-ileal bypass has set a standard for obesity 
operations.® The second generation of obesity operations 
have concentrated on decreasing the effective gastric vol- 
ume and restricting gastric emptying. These operations 
can be divided into those that anatomically separate” and 
those that functionally separate®! the proximal and distal 
stomach. The gastric bypass as described by Mason” di- 
vides the stomach so that a proximal small pouch (10% 
of the stomach) is drained by a jejunal limb that has a 
relatively small anastomosis (2-3 cm). The distal stomach 
is left as a blind pouch that drains into the duodenum. 
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These operations cause a 38% weight loss within 12 
months, and long-term experience suggests that weight 
loss is maintained for as long as 5 years in these patients.” 
Complications include gastric outlet obstruction, vomit- 
ing, dumping, gastric leaks, and wound infections. In some 
series, morbidity ranges from 23% to 55%.°?”° 

Gastroplasty encompasses all operations that divide the 
stomach into an upper (50-100 ml) and lower gastric 
pouch with a stapling device but that do not divide the 
upper and lower gastric remnants. The Pace®' gastroplasty 
created the upper pouch by an application of one or two 
staples lines across the stomach. The upper pouch outlet 
was created by removing the center staples of the cartridge 
before application. This operation was similar to the 
Gomez”! gastroplasty (greater curvature stoma), and failed 
for similar reasons, (i.e., either disruption of the staple 
line or dilation of the stomach).°' Reinforcement of the 
stoma with sutures or mesh extended the effectiveness of 
the operation. Because the stomach was not opened, 
complications resulting from these operations were fewer 
than those resulting from the gastric bypass. Ultimate re- 
inforcement of stoma is achieved with the vertical banded 
gastroplasty.°* This operation lengthens the stoma and 
relies on external mesh reinforcement to limit the stoma 
size. Weight loss with these operations is comparable to 
that achieved by both the gastric bypass and the jejunal- 
ileal bypass, with the weight loss ranging from 25% to 
50% of preoperative weight during the first 12 months. 
Long-term results with the vertical banded operations have 
been encouraging (preoperative weight reduced by 41% 
within 2.5 years).° All of these operations fail in a subset 
of these patients who overeat the food provided in a liquid 
diet and in those who eat continuously.®” Many of these 
patients find that they can consume as many milk shakes 
as they want as long as they drink them slowly; subse- 
quently, weight loss is not achieved. 

Recently, there has been enthusiasm with regard to the 
intragastric balloon (Garren-Edwards”’) as a noninvasive, 
short-term adjunct for patients whose weight is at least 
20% more than their ideal weight. The balloon displaces 
up to 200 ml, a volume believed to be sufficient to cause 
early satiety and to decrease food intake.’' Intragastric 
balloons decreased food intake and caused weight loss in 
dogs for more than a 1-month period, although in 15% 
of the dogs, the use of these intragastric balloons was 
complicated by gastric ulcerations.” In their initial study 
of 70 patients, Garren and Garren” reported five gastric 
ulcers and one intestinal obstruction that required surgical 
removal. Subsequent studies followed FDA approval of 
the balloon in December 1985. Customer-experience re- 
ports (November 1985-—December 1986) regarding com- 
plications resulting from 20,000 gastric balloons showed 
six perforations or tears of the pharynx, esophagus, or 
stomach as these balloons were endoscopically placed and 
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removed. Intestinal obstruction requiring surgical removal 
or assistance occurred 79 times, as well as led to one pa- 
tient death. Fifty-three gastric ulcers were reported.” A 
recent study by Lindor et al.’° involved a randomized, 
double-blind trial comparing the effectiveness of intra- 
gastric balloons to that of conventional medical therapy 
in a total of 21 patients. They noted no clinically impor- 
tant differences in weight reduction and that the rate of 
spontaneous balloon deflation and gastric mucosal dam- 
age was unacceptably high. Another group (Brown et al.)’’ 
studied the effect of an intragastric balloon on gastrin and 
CCK levels measured before and during balloon treat- 
ment. They found that gastrin levels were normal before 
and after treatment and that the presence of the stomach 
balloon during active weight loss did not alter resting or 
meal-stimulated CCK levels in serum. This suggests that 
CCK levels do not mediate the weight loss mechanisms 
of the balloon program. It appears that because of the 
ulcer incidence, the rate of spontaneous balloon deflation, 
and the comparatively low rate of weight loss, the use of 
the intragastric balloon should not be considered routine 
nor should it be used in an uncontrolled setting. 


Summary 


Medical and surgical scientists alike continue to search 
for an effective, long-lasting treatment of morbid obesity. 
Discovering effective treatment has been hampered by 
our limited knowledge of the physiologic control of satiety. 
We have summarized the scientific and clinical studies 
that have attempted to elucidate satiety control mecha- 
nisms. Although the drive to eat relies on brain stimula- 
tion, satiety requires brain, gastric, and intestinal signals. 
Successful intervention in physiologic and pathophysio- 
logic mechanisms may use peptide administration and 
their ability to alter appetite or gastric emptying. Factors 
that involve gastric distension are currently being used. 
The effectiveness of gastric restriction operations relies in 
part on a small gastric pouch being distended at an early 
stage during a meal, thus causing early satiety or vomiting 
with overeating. The technical success of these operations 
depends on maintaining a small gastric pouch that is intact 
and a stoma sufficiently small to restrict emptying of the 
proximal pouch. Currently, the vertical banded gastro- 
plasty appears to be the best method for achieving these 
goals. It is doubtful that the’ intragastric balloon, in its 
current state, is an effective, safe method of facilitating 
weight loss. 
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Endoscopic Placement of Pancreatic Stents and 
Drains in the Management of Pancreatitis 





R.A. KOZAREK, M.D., D.J. PATTERSON, M.D., T.J. BALL, M.D., and L.W. TRAVERSO, M.D. 





Although widely used in the biliary tree, little data is available 
on endoscopic placement of stents or drains within the pancreas. 
This report describes 17 patients, nine with acute relapsing pan- 
creatitis and eight with chronic pancreatitis, who had drain or 
stent placement for hypertensive pancreatic duct (PD) sphincter, 
dominant ductal stenosis, duct disruption, or pseudocyst. Two 
patients have subsequently undergone surgery, and six other pa- 
tients continue long-term stent placement with marked reduction 
of chronic pain or attacks of recurrent pancreatitis. All six pseu- 
docysts resolved, although one recurred and required surgery. It 
is concluded that pancreatic drains or stents may obviate the 
need for surgery, temporize before definitive therapy, or direct 
a subsequent surgical procedure. 


stents have become widely used for a variety of 

benign and malignant conditions affecting the 
biliary tract.'* Temporary pancreatic drains and semi- 
permanent stents have also been placed, but little data is 
available regarding usage patterns, results, and side ef- 
fects.°° We report our experience with this technology 
over a period of 12 months (March 1987—March 1988) 
in the setting of acute and chronic pancreatitis. 


) NDOSCOPICALLY PLACED BILIARY DRAINS and 


Materials and Methods 
Technique 


Patients underwent conventional ERCP, using an 
Olympus JF 1-T or JF 4.2 mm-channel duodenoscope 
(Olympus Corp., New Hyde Park, NY) after premedi- 
cation with meperidine and/or diazepam and cefotetan 
antibiotic precoverage. Ductal disruption with pseudocyst 
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formation was treated with free cannulation through the 
papilla or an incision through the duodenal wall using a 
needle-knife sphincterotome, guide-wire passage into the 
cyst, and placement of a 350-cm long 6 or 7 Fr drain 
(Wilson-Cook Medical Inc., Winston-Salem, NC) directly 
into the cyst (Figs. 1 and 2). The scope was removed while 
the drain was simultaneously advanced under fluoroscopic 
control to assure that the distal pigtail remained in the 
cyst. Thereafter, the drain was transposed to the nosé by 
placing a 14 Fr nasal transfer tube through the rose, re- 
trieving one end per os, and backfeeding the drain through 
the transfer tube, which was subsequently withdrawn. 
Drainage was continued until the output was negligible 
and no ductal communication was noted with transnasal 
pancreatography. Five to 10 Fr Amsterdam-type stents 
with additional side-holes or double pigtail stents (Wilson- 
Cook Medical, Inc., Winston-Salem, NC) were placed in 
the setting of persistent ductal disruption, dominant stric- 
ture with recurrent pain or pancreatitis, and as a diag- 
nostic/therapeutic trial in patients with acute relapsing 
pancreatitis and hypertensive PD sphincter, as delineated 
by manometry (Fig. 3). Technically, larger stents required 
PD sphincterotomy. An .018-.035 inch guide wire was 
passed beyond the stenosis and preferably to the distal 
body or proximal tail of the gland (Fig. 4). Smaller stents 
could be pushed in place using an ERCP catheter, whereas 
larger stents required a special pushing tube. 


Chronic Pancreatitis 


Six patients had PD stents placed (in two patients, after 
PD sphincterotomy of the major ampulla), for dominant 
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FiGs. 1A and B. (A) Transnasal pancreatic drain through papilla and 
into pseudocyst at genu. Note percutaneous cholecystostomy in patient 
with acalculous cholecystitis and ductal disruption that occurred as a 
result of a motor vehicle accident. (B) Close-up of Figure 1A. 


strictures (three patients) or disrupted ducts (one patient) 
and recurrent pseudocyst formation (two patients). Etiol- 
ogy of the chronic pancreatitis was alcohol (three patients), 
pancreas divisum with stenosed minor sphincteroplasty 
site (one patient), and idiopathic (two patients). One of 
the latter patients had two separate double pigtail stents 
4 months apart through a stenosed pancreaticojejunos- 
tomy (Peustow procedure) anastomosis. 

Two patients with alcoholic pancreatitis had nasopan- 
creatic (NP) drains placed into infected pancreatic pseu- 
docysts; one was placed into the pseudocyst through the 
papilla, the second directly into the cyst using a needle 
knife sphincterotome to incise the duodenal wall. 


Acute Pancreatitis 


Four patients with relapsing acute pancreatitis, previous 
endoscopic or surgical biliary sphincter section, and re- 
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sidual hypertensive pancreatic sphincter mechanism (> 40 
mmHg) had 5 Fr stents placed as a diagnostic/therapeutic 
trial. A fifth patient had stents placed into both the com- 
mon bile and PDs (Fig. 3). A sixth patient had a stent 
placed through a proximal stricture resulting from a motor 
vehicle accident. Two patients had NP drains passed 
through the papilla and into pseudocysts, the result of a 
motor vehicle accident and post-ERCP pancreatitis, re- 
spectively. The latter patient subsequently had an ongoing 
ductal disruption stented. A final patient with a villous 
adenoma of the papilla and severe pulmonary compro- 
mise had endoscopic resection of the papilla for acute 
relapsing pancreatitis (Fig. 5). A NP drain was left at the 
PD genu to assure postpolypectomy ductal drainage. 


Results 
Chronic Pancreatitis 


Surgery has been avoided in five of the six stented pa- 
tients, at a mean follow-up of 8 months. The sole excep- 
tion was an alcoholic patient who continued to drink and 
suffered an additional ductal disruption at the PD genu 
with pseudocyst formation. His pseudocyst was controlled 
with an additional NP drain placement before partial 
pancreatectomy. The patient with the stenotic Peustow 
anastomosis became pain-free and gained 14 kg before 
developing recurrent symptoms 4 months after stent 
placement. An occluded 7 Fr stent was replaced with a 
10 Fr prosthesis, and 5 months later, the patient is again 
asymptomatic. The other four patients have experienced 
a dramatic diminution in chronic pain, despite sponta- 
neous stent passage in two patients at 4 and 6 months, 
respectively. An additional stent placement was under- 
taken in a patient with multiple pseudocysts and a pan- 
creaticocholedochocutaneous fistula, who had been re- 
ceiving hyperalimentation at home for 6 months before 
stent placement. He is currently pain-free and has not 
received hyperalimentation for the past 12 months. 

Both patients with infected pseudocysts were success- 
fully drained endoscopically, although one patient re- 
quired subsequent open drainage of a hepatic abscess. 


Acute Pancreatitis 


Two of the five stented patients with sphincter hyper- 
tension experienced continued pain or recurrent pancre- 
atitis. Stents were removed without change in the clinical 
course of these patients. In two patients, pain or recurrent 
pancreatitis resolved with stenting and will be treated 
medically because of surgery refusal (one patient) and in- 
firmity (one patient). One patient spontaneously passed 
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her pancreatic stent after several weeks but retained a bil- 
iary stent that was placed at the same time (Fig. 3). She 
has undergone a surgical sphincteroplasty and septoplasty 
but continues to require recurrent hospitalization for re- 
lapsing pancreatitis. The patient who had severe ongoing 
pancreatitis after an automobile accident was asymptom- 
atic 12 months after stent placement. This stent was sub- 
sequently removed at another institution, with noted im- 
provement in her stenosis and no recurrence of her pan- 
creatitis. 

Both patients with NP drain placement into a pseu- 
docyst cavity were successfully drained and surgery was 


Fics. 2A-C. (A) Chronic pancreatitis with major ductal disruption, 
pseudocyst, and NP drain through papilla and into cavity. (B) 7 Fr double 
pigtail catheter inserted through papilla and into pseudocyst alongside 
of NP drain. (C) Arrows delineate PD stent alongside NP drain in patient 
depicted in Figures 2A and B. Note cholecystostomy tube for acalculous 
cholecystitis. Drain and stent were removed at 5 days and 2 months, 
respectively, after pseudocyst resolution. 


thereby avoided. One of these patients, who developed 
severe post-ERCP pancreatitis at another institution, had 
evidence of ongoing ductal disruption and was asymp- 
tomatic 3 months after stent placement. 

The patient undergoing resection of his papilla had an 
uneventful course and was discharged 24 hours after the 
procedure, after repeat NP drain pancreatogram. 


Complications 


Mild pancreatitis occurred in two patients, one of whom 
also underwent a major sphincterotomy of the duct of 
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FIG. 3. Endoscopic view of PD stent (arrow) in patient who also had 
biliary stent placed for hypertensive sphincter and acute relapsing pan- 
creatitis. 


Wirsung. The patient with the Peustow procedure devel- 
oped transient cholestasis (< 48 hours) with both stent 
placements. One stent occluded at 4 months, and three 
were passed spontaneously per rectum at variable time 
periods. 


Discussion 


Endoscopically placed biliary stents are used primarily 
in the setting of malignant biliary obstruction, although 
less common indications include iatrogenic bile leak, and 
occasionally, choledocholithiasis.'* By contrast, little has 
been written about indications and usage patterns for stent 
placement in the pancreas. Geenen et al.° attempted PD 
stent placement in two major patient groups. Stent place- 
ment was successful through the minor sphincter in 19 
of 22 patients with chronic abdominal pain and pancreas 
divisum. Seventeen of these patients were reported to have 
experienced a significant decrease in pain, and stents were 
traded out at 6 month intervals. The second group in 
whom PD stents were placed was a heterogeneous group 
of 15 patients with recurrent or chronic pancreatitis, ap- 
proximately half of whom improved after stent placement. 
Huibregtse et al.,° in turn, used pancreatic drains and 
stents in patients with dominant strictures, ductal disrup- 
tion, or pseudocysts. Used in conjunction with PD 
sphincterotomy and PD stone removal in a subset, a total 
of 32 patients were treated. Patients who had chronic pain 
as their primary problem fared significantly less well than 
those with bouts of relapsing pancreatitis. 

Our series confirms that both stents (indwelling tubes) 
and drains (external conduits) can be used in the PD for 
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a variety of chronic inflammatory conditions. For in- 
stance, stent placement in chronic pancreatitis has, to date, 
obviated the need for surgery in five of six patients in 
whom they were placed. Both pain and recurrent pancre- 
atitis attacks have improved markedly, suggesting that 
dominant strictures are not only the result of pancreatitis, 
but are also the cause of symptoms in some patients. NP 
drains also proved useful in treating chronic pancreatitis, 
allowing successful drainage of infected pseudocysts in 
both patients in whom it was attempted. In addition, two 
patients with acute pancreatitis and pseudocyst formation 
responded to endoscopically facilitated external drainage 
with pseudocyst resolution, and a third patient had an 
uncomplicated papilla of Vater resection after drain 
placement. Also, the patient with a tight proximal PD 
stricture responded clinically to stent placement, as did 
one of the patients with pseudocyst who demonstrated 
ongoing ductal disruption. 

In contrast to the above, it remains uncertain what to 
do with the patient with acute relapsing pancreatitis and 
a hypertensive sphincter mechanism. Although many of 
these patients respond to endoscopic sphincterotomy,° a 
significant subset continue to have recurrent attacks of 
pain and hyperamylasemia. It is uncertain whether a re- 
sidual hypertensive sphincter (residual sphincter of Oddi 
as measured through duct of Wirsung) is the cause or 
result of pancreatitis in these patients. It appears reason- 
able to place a prosthesis through the residual sphincter 
mechanism in these patients, reserving surgical septoplasty 
for those patients who become free of pain or hyperam- 
ylasemia attacks after stent placement. Alternatively, pe- 
riodic stent exchange or endoscopic PD sphincterotomy 
could be undertaken in extremely high surgical risk pa- 
tients. Two patients in this series had no relief with stent 
placement, one had early stent migration and underwent 
septoplasty without improvement, and two patients are 
currently undergoing continued treatment with internal 
stents. 

Because most of the patients treated with drains and 
stents were acutely and chronically ill, complications were 
difficult to define with certainty. Nevertheless, a mild 
pancreatitis flare was noted in two patients, as were two 
transient (48-hour) episodes of cholestasis, presumably 
related to pancreatic head edema. This compares with 
two episodes of pain exacerbation and two instances of 
stent migration into the pancreas in the Geenen series 
and two cases of pancreatitis in the Amsterdam series.’ ® 
Also, in the latter group, a PD abscess secondary to an 
occluded stent developed in two patients, stent-induced 
ulceration developed in an additional two patients, and 
there was a single death related to duodenal perforation 
after PD sphincterotomy. 
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Fics. 4A-D. (A) Chronic pancreatitis changes in patient with pancreas divisum and stenotic minor sphincteroplasty orifice. (B) Guide wire placement 
into dorsal PD through minor papilla. (C) Arrows depict 7 Fr stent being pushed over central wire and into PD. (D) 7 Fr Amsterdam stent well- 
situated in dorsal PD. Note moderately dilated CBD. Sphincter of Oddi manometry is normal. 


Our series confirms and expands the data noted in the 
two previous publications on this topic. In short, PD stents 
and drains can be endoscopically placed safely in selected 
patients with acute and chronic pancreatitis. Their use 


may obviate the need for surgery, temporize before defin- 
itive therapy, or direct a subsequent surgical procedure. 
Further data defining the ideal patient and the timing and 
need for stent exchange remain to be acquired. 


266 KOZAREK AND OTHERS Ann. Surg. + March 1989 





Fics. 5A and B. (A) Papilla of Vater with extensive villous adenomatous change confirmed at biopsy and endoscopic resection. (B) Arrows delineate 
cautery burn after endoscopic resection of papilla; guide wire into PD. 
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Selective ERCP and Preoperative Stone Removal 


in Bile Duct Surgery 





P. MICHAEL HEINERMAN, M.D., OSKAR BOECKL, M.D., and WOLFGANG PIMPL, M.D. 


This project was undertaken to evaluate in a prospective fashion 
the effects of selective preoperative endoscopic-retrograde chol- 
angiography and stone extraction (ERCP-ST EXTR) on the re- 
sults of biliary tract surgery. Over a 6-year period, 728 patients 
with primary or secondary biliary tract disease were admitted 
to the First Surgical Department, Landeskrankenanstalten, 
Salzburg, Austria. If, based on preoperative screening, the pos- 
sibility of common bile duct stones (CBDS) existed, the patients 
were subjected to ERCP-ST EXTR. Two to 4 days later, these 
patients underwent a simple cholecystectomy with intraoperative 
cholangiogram and functional manometry. Evaluation criteria 
for this study were morbidity, mortality, and retained stone (RST) 
rates. The overall complication rate for the entire series was 6%. 
In patients who underwent operative common duct stone removal 
(n = 78), the complication rate amounted to 21.8%. The rate 
was reduced to 2.1% by ERCP-ST EXTR. The RST rate was 
likewise reduced from 2.2% to 0.5% by ERCP-ST EXTR. Mor- 
tality in patients with CBDS fell from 3.8% to 1% through the 
use of this method. In those patients with secondary stones who 
were treated by ERCP-ST EXTR only, morbidity was 2%, the 
RST rate was 0%, and mortality was 0%. It is concluded that 
selective ERCP-ST EXTR, followed by simple cholecystectomy, 
is a suitable treatment protocol and that this approach may reduce 
complication and mortality rates. 


URING THE LAST 15 years, great changes in bil- 
D iary surgery have taken place concerning diag- 

nostic criteria, operative management, and re- 
sults. These changes include the wide use of new diagnostic 
modalities such as ultrasonography (US), computed to- 
mography (CT) and endoscopic-retrograde cholangio- 
pancreaticography (ERCP). Modern therapeutic modal- 
ities include preoperative preparation of the jaundiced 
patient by decompression of the biliary tract, using trans- 
hepatic catheters or endoscopic papillotomy (EPT) and 
postoperative removal of common duct stones via the T- 
tube or endoscopically.” There are also recent studies 
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reporting the successful fragmentation of gallstones in the 
common duct by laser energy or by extracorporeal shock 
waves—a fragmentation similar to that produced by shock 
waves used for the destruction of renal stones.” In general, 
the use of these modalities is based on local facilities and 
expertise. Within the last decade, operative endoscopy has 
become an established method of treating bile duct stones, 
not only when there are retained stones after cholecys- 
tectomy (CHE), but also in elderly patients and in those 
having medical conditions that increase the risk‘of biliary 
surgery.*'' Therefore, it seemed pertinent to evaluate the 
influence of routine use of diagnostic and therapeutic en- 
doscopy on the management of all patients suffering frona 
bile duct stone disease. 

Two main requirements were established for this study: 
1) that there be a consecutive series of all patients admitted 
with stone-related disorders of the bile duct system (BDS), 
and 2) that the generation of data on a group be large 
enough to permit evaluation of the management of a uni- 
form protocol including selective ERCP and preoperative 
stone removal, when indicated. The objectives of the study 
were to demonstrate that endoscopic and surgical diag- 
nostic and therapeutic methods are complementary to 
one another when both are used by a single surgical team, 
and to compare obtained results with current data on bile 
duct surgery, such as rates of morbidity, mortality, and 
retained stones. 


Patients and Methods 


Over a 6-year period, 728 consecutive patients were 
included in this study. 85.4% of these patients (n = 622) 
underwent a first or primary procedure because of acute 
or chronic stone-related disorders of the extrahepatic bile 
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TABLE 1. Incidence of ERCP and EPT in Patients 
With Biliary Tract Disease 

Biliary No. of x—Age 
Operation Patients Men Women (range) ERCP EPT 
Primary 622 177 445 ae. 196 94 

(21-92) 
61, 2 

Secondary 106 23 83 (21-94) 106 96 


Total 728 200 528 282 190 


system. 14.6% of the patients (n = 106) had secondary 
operations, primary bile duct stones, or retained stones 
(Table 1). Preoperative evaluation of patients involved a 
vast number of laboratory tests. More than four tests for 
evaluating hepatobiliary function were recorded for 99% 
of all patients. The specific diagnostic test used to establish 
stone-related disorder before operation was US, which was 
performed in every patient undergoing a primary or sec- 
ondary procedure. Oral cholecystograms were not carried 
out as specific preoperative test, nor was CT used for stone 
diagnosis. Preoperative evaluation was completed by the 
initial clinical examination and history. 

Patients scheduled for primary operations were first 
subjected to preoperative ERCP when pathologies of the 
BDS were suspected by at least one of the preoperative 
evaluation tests (i.e., the laboratory, US, and history tests). 

All patients undergoing secondary operations were 
subjected to ERCP. When bile duct stones were diagnosed, 
endoscopic extraction of the stones was attempted in the 
majority of all cases (Table 1). 

All patients without prohibitive surgical risk underwent 
elective CHE (93.7%). The operative technique was stan- 
dardized, including retrograde CHE and intraoperative 
diagnostic examination of the BD system by manometry 
followed by cholangiography. 


TABLE 2. Surgical and Endoscopic Procedures 


No. of Retained 
Biliary Operation Patients CBDE % Stones % 
Primary 
CHE 455 46 10.1 11 2.4 
ERC + CHE 73 21 28.8 0 0 
EPT + ST EXTR 
+ CHE 55 l 1.8 l 1.8 
EPT + ST EXTR 
sole 39 0 0 0 0 
Total 622 68 12 1.9 
Secondary 
Surgical 10 10 100 l 10.0 
EPT + ST EXTR 96 0 0 0 0 


Total 106 10 l 0.9 
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Only patients who underwent intraoperative radiologic 
and manometric examination of the BDS were accepted 
into the study. A cannula was therefore placed through 
the cystic duct into the common bile duct (CBD). Mano- 
metric values were taken and recorded before cholangi- 
ography. The use of manometry allows the measurement 
of bile pressure and flow (details of the method are de- 
scribed elsewhere'*''*). Intraoperative cholangiography 
was completed by obtaining a cholangiogram via a tele- 
vision image intensification unit. An x-ray was also taken 
for documentation purposes. When intraoperative radio- 
graphic and manometric diagnosis revealed CBD stones, 
these CBD stones were removed by choledochotomy (19 
patients) and transduodenal sphincteroplasty (49 patients). 
When stones with a diameter of less than 3 mm were 
localized in narrow CBD, they were deliberately left be- 
hind for a later endoscopic removal (n = 2). Stones were 
also intentionally left in patients in whom common bile 
duct exploration (CBDE) was either dangerous or difficult 
to perform because of massive inflammation with ab- 
scesses in the hepatoduodenal ligament (n = 4). All pa- 
tients with infected or bacterially contaminated gallblad- 
ders and bile ducts received antibiotics for at least 2 days. 

Thirty-nine elderly jaundiced patients with primary 
CBD stones (mean age of 77.9 years) who, because of 
their general condition, were unfit for surgery were also 
included in this study. In this group, only endoscopic stone 
extraction was carried out and the gallbladder was left in 
situ (Table 2). 

The patient population and the types of primary and 
secondary procedures are summarized in Tables 1 and 2. 


Study Results 


Of a total of 583 patients undergoing elective CHE, 
455 underwent operation without a preoperative endo- 
scopic procedure because no signs or symptoms suggestive 
of CBDS stones could be found by means of the stan- 
dardized preoperative diagnostic evaluation. Intraopera- 
tive diagnosis revealed CBDS stones in 46 patients 
(10.1%). These were extracted intraoperatively by choled- 
ochotomy or transduodenal papilloplasty (CBDE). Re- 
tained stones—overseen or left behind intentionally— 
were extracted endoscopically 8-10 days after surgery 
(Table 2). Twenty-one of the 73 patients who were sub- 
jected to preoperative ERCP due to signs of CBD stones 
had positive endoscopic cholangiograms followed by op- 
erative cholangiograms. These stones were removed by 
CBDE, and not endoscopically, because endoscopic ex- 
traction was not attempted or was impossible because of 
the size of the stones. Fifty-five patients underwent pre- 
operative ERCP and EPT with stone removal. Of these 
55 patients, only one had a retained stone. Intraoperative 
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TABLE 3. Preoperative Identification and Removal of BDS Stones 
CBDS Stones Preoperative Localization Preoperative Extraction 
Biliary No. of No. of No. of No. of 

Operation Patients Patients % Patients % Patients % 
Primary (CHE) 583 122 20.9 76 62.3 55 45.1 
Secondary 106 106 100 106 100 96 90.6 
Total 689 228 33.1 182 79.8 151 66.2 





diagnostic procedures during the subsequent CHE re- 
vealed a single stone in the CBD in this patient, and it 
was extracted by choledochotomy. 

A subgroup of patients (n = 36) presented symptoms 
of biliary pancreatitis (i.e., hyperlipasemia, hyperamylas- 
emia, hyperbilirubinemia, and swelling of pancreatic 
gland as demonstrated by US and CT). A primary ERCP/ 
EPT with stone extraction was attempted in 33 cases. In 
all of these case, stones could be found either impacted 
in the papilla or in the CBD. Endoscopic stone extraction 
was successful in 100% of these cases. 

Of the 106 patients with secondary calculous, biliary 
disease (after CHE), 96 underwent an endoscopic therapy 
with no further procedure required. Ten patients were 
treated surgically, and one of these patients required en- 
doscopic reintervention because of a second incidence of 
retained stone (Table 2). 

There were 61 negative ERCPs in the group with pri- 
mary disease. One of these was found to be a false-negative 
by intraoperative diagnostic examination of the CBD 
(specificity of 98.4%). A total of 200 positive ERCP find- 
ings were recorded. All except one were proven either by 
endoscopic or surgical stone extraction (sensitivity of 
99.5%). The preoperative clinical screening for pathologies 
of the CBD with inclusion of US reached a sensitivity of 
79.8% and a specificity of 90.9%. 

In the entire series of patients with primary operations, 
there were twelve retained stones (1.9%), six of which— 
particularly small calculi—were left behind intentionally 
for later endoscopic extraction. Deducting the number of 
stones purposefully left, an overall rate of 1% of acciden- 
tally retained BDS stones could be observed in the series 
with primary bile stone disease. In 106 patients with sec- 
ondary biliary disease, the rate of retained stones 
amounted to 0.9% (Table 2). 

In the entire series of 728 patients, including those with 
primary and secondary stone-related bile tract diseases, 
221 BDS stones could be localized before operation, and 
190 of these were extracted endoscopically (85.9%). The 
success rate of cannulation of the papilla by ERCP reached 
98% during the last 2 years of this prospective study on 
consecutive patients. In the same period, EPT was suc- 


cessfully carried out in 95.5% of the patients and preop- 
erative endoscopic stone removal was performed in 96% 
(Tables 3 and 4). 

There were no negative surgical duct explorations in 
this entire group of 583 patients undergoing CHE. When 
CBDE was performed (n = 68), stones were present in 
every case. 


Postoperative Morbidity and Mortality 


Complications and cause of death were analyzed with 
relation to the endoscopic or surgical procedure carried 
out. Mortality and morbidity data for all primary and 
secondary operations are summarized in Table 5. 

The overall mortality rate due to primary biliary disease 
amounted to 1.1%. This rate increased to 1.4% when the 
group of elderly patients was included, along with those 
who, because of prohibitive medical conditions, were unfit 
for surgery and whose CBD stones were removed by-EPT 
without further surgical procedure. 

The main causes of death were particularly nonbiliary, 
and predominantly cardiopulmonary failures. The mean 
age of patients who died was 73.7 years (Tables 6 and 7). 

The overall mortality rate of patients with primary BDS 
stones, which were treated either surgically (n = 68) or 
endoscopically (n = 94), was 2.5% (four of 162 patients), 
whereas the rate for the group with secondary BDS stones 
was 0.9% (one of 106) (Table 5). When CBD stones had 
to be removed intraoperatively, a mortality rate of 2.9% 
was observed in the group of patients undergoing CBDE 
with primary CHE. Of special note is the low mortality 


TABLE 4. Success Rate of Biliary Tract Endoscopy 


Biliary 

Tract No. of Not 
Endoscopy Patients Possible % Possible % 
ERCP 345 7 2.0 338 98.0 
EPT 199 9 4.5 190 95.5 


Extractions 197 7 3.6 190 96.4 
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TABLE 5. Complications After Biliary Operations 





Morbidity Deaths 
No. of eee ee eee ee ae eee ee a 
Biliary Operation Patients Biliary Nonbiliary % Biliary Nonbiliary % 
Primary 
CHE 461 3 20 5.0 0 5 1.2 
CHE + CBDE 68 8 7 22.0 | l 2.9 
EPT + ST EXTR 0.0 
Preop (+ CHE) a l 0 1.8 0 0 ; 
EPT + ST EXTR sole 39 l 0 2.6 0 2 5.1 
Secondary 
CBDE 10 l l 20.0 i 0 10.0 
EPT + ST EXTR 96 2 0 2.0 0 0 0.0 


rate, seen when CBD stones were extracted endoscopically | CBD exploration.!*!'8 Therefore, it seemed prudent to in- 


before CHE (0%). vestigate the influence of selective ERCP and preoperative 
Although the overall morbidity rate for primary pro- stone removal on the results of bile duct surgery. 
cedures (simple CHE or CHE with CBDE or EPT) reached In general, endoscopic and surgical treatment of bile 


only 6.4%, the subset of patients who underwent CBDE _ duct stones are undertaken by different individuals, and 
with primary CHE approached a morbidity rate of 22% so patterns of treatment may be altered by local facilities 
(Table 5). The types of all complications are summarized and expertise.” 


in Tables 6 and 7. One object of this present study was to see how endo- 
Duct injury, an important risk during biliary surgery, scopic and surgical treatment of CBDS stones in a con- 
occurred in one of 728 cases (0.1%). secutive series of patients influence results when both are 
In the group of patients admitted with signs of biliary performed by a single surgical team. 
pancreatitis (n = 33), one death (3%) occurred when pri- This present investigation was conducted as a prospec- 
marily treated by the endoscopic approach. tive study of 728 patients over a 6-year period without 
randomization. None of the patients admitted for stone- 
Discussion related biliary disease were exempted from the uniform, 


diagnostic, and therapeutic protocol. 

Therefore, the obtained results can be estimated only 
in comparison with current international data, such as 
the results of an international study to determine the 
practice patterns and outcome of biliary tract surgery that 


After endoscopic stone removal from the CBD was in- 
troduced by Classen et al.! and Kawai’ in 1974, this treat- 
ment of stone-related bile tract disorders was initially re- 
served for patients with retained stones or elderly patients 
who could not be subjected to surgery because of prohib- 
itive medical risk. On the other hand, it is generally ac- 
cepted that biliary and nonbiliary complications after 


CHE are at least doubled with the addition of surgical PALe T ee eee 


Primary Secondary 
Complications Operation Death Operation Death 
TABLE 6. Postoperative Biliary Tract Complications Pulmonary 8 Ir 0 0 
Coronary l lt 0 0 
Primary Secondary Cerebral l l l 0 
Complications Operation Death Operation Death Stress ulcer l 1§ 0 0 
se aaa Bleeding postop. 2 0 0 0 
Bile fistula 5 0 l 0 Ileus 2 0 0 0 
CBD stenosis 3 0 0 0 Wound healing 11 0 0 0 
Pancreatitis l 1> 2 It Miscellaneous 2 0 0 0 
Perforated CBD l 0 0 0 
Transsec. CBD l 0 0 0 Total 28 8 l 0 
ae j M e * Age of patients with mortality due to pulmonary causes: 55, 67, 77, 
Total 12 l 3 l 77, and 83 years. 
t 83 years old. 
* 70 years old. t 81 years old. 


+ 70 years old. § 71 years old. 
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was commissioned by the International Biliary Associa- 
tion and was published in 1986!” or those of other stud- 
ies.'*!62 For evaluation, three main criteria are of major 
importance: postoperative morbidity, mortality, and rate 
‘of retained stones. 

Although the present study is nonrandomized, the ob- 
tained results show that the inclusion of diagnostic and 
therapeutic endoscopy into the concept of treatment of 
CBD stones improves these results distinctly. Surgical ex- 
ploration of the biliary system by either choledochotomy 
or transduodenal approach constitutes an important in- 
crease in surgical risk, and this also can be seen by our 
results. When CBD stones in patients without medical 
risk with primary disease were removed endoscopically, 
morbidity and mortality were reduced to 1.8% and 
0%, respectively. When they were removed by CBDE 
during CHE the same rates rose to 22.0% and 2.9%, 
and in an international series, rates were 33.5% and 
4.4% !4-17.18.20.21 

The results are still more pertinent in patients with sec- 
ondary biliary disease. Morbidity and mortality in en- 
doscopically treated cases were 2.0% and 0%, respectively 
(Table 5), whereas rates of up to 48% and 2.3% were re- 
ported in international surgical series.” ?4 

The same applies to the rate of retained stones; endo- 
scopic removal of CBD stones resulted in a rate of 0.5%. 
The overall rate of retained stones in our series was 1.8%, 
including those stones left behind deliberately, compared 
with 4.5% of the international series in which preoperative 
endoscopy was not used.!*!77° 

Of particular interest are the results obtained in patients 
with biliary pancreatitis, when treated endoscopically. 
These patients had a mortality rate of 3%, which is lower 
than that of patients who have had primary surgical treat- 
ment.*°?’ 

Nevertheless, attention must be focused on the distinct 
difference of results between endoscopically and surgically 
treated patients suffering from CBDS stones. Thus it can 
be doubted whether a randomized prospective study could 
deliver data of more statistical relevance. 

The following objections have been raised against the 
routine use of preoperative endoscopic stone removal: 1) 
the success is dependent on local experience and exper- 
tise;®:'°?° 2) complications following ERCP and EPT oc- 
cur,?"?5 such as late sphincter stenosis,” late cholangitis 
or cirrhosis,” and gallbladders left in situ requiring sur- 
gery later on;®?* and 3) when the endoscopic procedure 
fails, patients are subjected to both the risk of attempted 
EPT and subsequent CHE;” Furthermore, it cannot be 
doubted that endoscopy has become an accepted method 
of treating CBD stones, especially in patients with sec- 
ondary biliary disease. Therefore, surgeons should in- 
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creasingly make use of this method in order to keep in- 
dications for the different surgical or endoscopic treatment 
modalities in their own hands. 

The advantages of a combined endoscopic and surgical 
approach to CBD stones are incompatible with objections 
raised against preoperative stone removal. The morbidity 
rate of EPT is much lower than that of surgical proce- 
dures.?®- The mortality rate of EPT is less than 1%.7*75° 
The high risk of surgery in patients with obstructive jaun- 
dice and/or biliary pancreatitis is distinctly reduced by 
endoscopic treatment.®??7’"° CHE is always carried out 
as elective operation?™? and not emergently, with the ex- 
ception of patients with possible perforation of the gall- 
bladder. The frequency of high-risk negative duct explo- 
rations is reduced. Surgical procedures are rarely required 
for retained stones.'’**"° Finally, to date, no adverse late 
results of EPT have been proven.?4?83! 

Based on the results of our present study and on recent 
reports from the literature, we conclude that endoscopic 
removal of CBD stones before elective CHE is a suitable 
approach to reducing the morbidity and mortality of bil- 
lary tract surgery. 
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INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible 
Strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 





strains of Staphylococcus aureus. Escherichia coli,* Klebsiella spp * 
(including K. pneumoniae*). Proteus mirabilis.* Bacteroides fragilis.* 
Enterobacter spp. .* anc Acinetobacter calcoaceticus.* 

Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia coli, Klebsiella spp. (including K. pneumoniae*). Bacteroides 
spp. (including 8. fragilis), and Enterobacter spp. * 

Gynecological infections caused by beta-lactamase producing strains of 
Escherichia coli, * and Bacteroides spp.* (including B. fragilis*) 

*Efficacy forthis organism inthis organ system was studied in fewer than 10 
infections 

While UNASYN® (ampicillin sodium/sulbactam sodium) is indicated only 
for the conditions listed above, infections caused by ampicillin-susceptible 
organisms are also amenable to treatment with UNASYN due to its ampicillin 
content Therefore. mixed infections caused by ampicillin-susceptible 
Organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 

The use of UNASYN is contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 

WARNINGS 

SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY. THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS. THERE HAVE BEEN 
INDIVIDUALS WITH AHISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS. BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS, CEPHALOSPORINS. AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT. INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 

PRECAUTIONS 

General: A high percentage of patients with mononucleosis who receive 
ampicillin develop askin rash. Thus. ampicillin class antibiotics should not 
be administered to patients with monenucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
abe Should be kept in mind during therapy If superinfections occur 
usually involving Pseudomonas or Candida). the drug should be discon- 
tinued and/or appropriate therapy instituted 

Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged biood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
Stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone. Itis not Known whether this 
potentiation of ampicillin rashes is due to allopurinol or the hyperuricemia 
present in these patients. There are no data with UNASYN and allopurino! 
acministered concurrently. UNASYN and aminoglycosides should not be 
reconstituted together due to the ın vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 

Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
“hee af glucose in urine using Clinitest~. Benedict's Solution or 
ehlings Solution It is recommended that glucose tests based on en- 
zymatic glucose oxidase reactions (such as Clinistix” or Testape’™~) be 
used. Following administration of ampicillinto pregnant women. a transient 
decrease in plasma concentration of total conjugated estriol. es- 
trioiglucuromide. conjugated estrone, and estradiol has been noted. This 


effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 
enic potential 
regnancy 

Pregnancy Category B: Reproduction studies nave been pertormedinmice 
rats. and rabbits at doses up to ten (10) times the human dose and nave 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN. There are. however. no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy 
only ıt clearly needed (See—Drug/Laboratory Test Interactions. ) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone, frequency of 
contractions height of contractions. and duration of contractions. How- 
ever, itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on the fetus. prolongs the 
duration of labor or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore, caution should be exercised when UNASYN 
is administered to a nursing woman 
Pediatric Use: The efficacy and satety of UNASYN have not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated. The following adverse reactions have 
been reported 
Local Adverse Reactions 

Pain at IM injection site—16% 

Thrombophlebitis—3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3% of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
itching. nausea. vomiting. candidiasis, fatigue, malaise, headache. chest 
pain, flatulence. abdominal distension. glossitis, urine retention. dysuria 
edema. facial swelling. erythema. chilis, tightness in throat. substernal 
pain, epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 

oo Increased AST (SGOT). ALT (SGPT). alkaline phosphatase. and 

LDH 

Hematologic: Decreased hemoglobin. hematocrit. RBC. WBC. neu- 

trophils, lymphocytes. platelets and increased lymphocytes. mono- 

cytes. basophils. eosinophils. and platelets 

Blood Chemistry Decreased serum albumin and total proteins 

Renal. increased BUN and creatinine 

Urinalysis Presence of RBC’s and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis. black hairy tongue. enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported. These reactions 
may be controlled with antihistamines and. if necessary, systemic cortico- 
Steroids. Whenever such reactions occur, the drug should be discontinued, 
unless the opinion of the physician dictates otherwise. Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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given the importance of anaerobes in 
today’s mixed infections. 
Though clinical results may not 


always mirror those obtained in vitro, there’s a world of 
confidence in choosing UNASYN for presumptive therapy of 
the mixed infections* you see every day. 
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INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible 
Strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 


What will you tell 
her about screening 
mammography? 


Many of your patients will hear about 
screening mammography through a pro- 


strains of Staphylococcus aureus Escherichia coli.* Klebsiella spp * 
(including K pneumoniae*), Proteus mirabilis,* Bacteroides fragilis.* 
Enterobacter spp. .* and Acinetobacter calcoaceticus. * 

Intra-Abdominal Infections caused dy beta-lactamase producing strains of 
Escherichia coli. Klebsiella spp. (including K pneumoniae*). Bacteroides 
spp. (including 8. fragilis), and Enterobacter spp * 

Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli.* and Bacteroides spp * (including B. fragilis*) 

“Efficacy for this organism in this organ system was studied in fewer than 10 
infections 

While UNASYN® (ampicillin sodium/sulbactam sodium) is indicated only 
for the conditions listed above. infections caused by ampicillin-susceptible 
organisms are alsoamenabie to treatment with UNASYN due toits ampicillin 
content Therefore. mixed infections caused by ampicillin-susceptible 
organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the add tion of another antibiotic 
CONTRAINDICATIONS 

The use of UNASYN ıs contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 

WARNINGS 

SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH AHISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS. CEPHALOSPORINS AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS AND AIRWAY MANAGEMENT INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 


PRECAUTIONS 
General: A high percentage of patients with mononucleosis who receive 
ampicillin develop a skin rash Thus. ampicillin class antibiotics should not 


be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
gens should be kept in mind durng therapy It superinfections occur 
(usually involving Pseudomonas o! Candida) the drug should be discon- 
tinued and/or appropriate therapy instituted 
Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged biood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
Stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone. Itis not known whether this 
potentiation of ampicillin rashes is due to allopurinol or the hyperuricemia 
present in these patients There are no data with UNASYN and allopurinol 
administered concurrently UNASYN and aminoglycosides should not be 
reconstituted together due to the in vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 
Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
resence of glucose in urine using Clinitest~. Benedict's Solution or 
ehlings Solution It is recommended that glucose tests based on en- 
zyMatic glucose oxidase reactions (such as Clinistix™” or Testape “) be 
used Following administration of ampicillinto pregnant women. atransient 
decrease in plasma concentration of total conjugated estriol. es- 
tridigiucuronide conjugated estrone, and estradiol! has been noted This 


Guidelines 


Age: 

35-39 Baseline 

40-49 Every 1-2 years 
50&up Every year 





gram launched by the American Cancer 
Society and the American College of Radi- 
ology, and they may come to you with 
questions. What will you tell them? 

We hope you'll encourage them to 
have a screening mammogram, because 
that, along with your regular breast exam- 
inations and their monthly self examina- 
tions, offers the best chance of early detec- 
tion of breast cancer, a disease which will 


strike one woman in 10. 


If you have questions about breast 
cancer detection for asymptomatic 


women, please contact us. 


Professional Education Dept. 
National Headquarters 
90 Park Avenue 


‘ 
KA 


New York, New York 10016 
or your local society 





Screening Mammography 


Women with No Symptoms 





etfect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 
enic potential 
regnancy 

Pregnancy Category B: Reproduction studies have been performed inmice 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN There are. however, no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive of human response. this drug should be used during pregnancy 
only if clearly needed. (See—Drug/Laboratory Test Interactions ) 
Labor and Delivery: Studies in guinea pigs have Shown that ntravenous 
administration of ampicillin decreased the uterine tone, frequency of 
contractions. height of contractions. and duration of contractions. How- 
ever. itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on the fetus. prolongs the 
duration of labor. or increases the likelinood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn wil! be necessary 
Nursing Mothers: Low concertrations of ampicillin and sulbactam are 
excreted in the milk: therefore, caution should be exercised when UNASYN 
iS administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been establisned 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN ts generally well tolerated The following adverse reactions have 
been reported 
Local Adverse Reactions 

Pain at IM injection site— 16% 

Thrombophlebitis—3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3° of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
— Nausea. vomiting. cancidiasis, fatigue, malaise. headache chest 
pain, flatulence. abdominal distension. glossitis, urine retention. dysuria 
edema, facial swelling, erythema. chills. tightness in throat. substernal 
pain, epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 

rapat Increased AST (SGOT). ALT (SGPT). alkaline phosphatase. and 

LDH 

Hematologic. Decreased hemoglobin, hematocrit. RBC. WBC. neu- 

trophils, lymphocytes. platelets and increased lymphocytes. mono- 

cytes. basophils. eosinophils. and platelets 

Blood Chemistry Decreased serum albumin and total proteins 

Renal increased BUN and creatinine 

Urinalysis Presence of RBC’s and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis black hairy tongue. enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported These reactions 
may be controlled with antihistamines and. if necessary, systemic cortico- 
Steroids Whenever such reactions occur. the drug should be discontinued 
unless the opinion of the physician dictates otherwise. Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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Lower antibiotic costs without lowering -> `. 
your standards. UNASYN costs at least 40% less per 


day than clindamycin/gentamicin or cefoxitin. “ Yet UNASYN 
is at least as effective in a variety 


“We need gold-standard «mised infections =" | 
9 d in some studies versus combi- 
results that don’t cost — tationtnerapy, patients treated with 


ASYN spent fewer days in 
a fi ort une. ja the hospital.” 
So, look to UNASYN for highly 
effective, highly affordable therapy in mixed infections* 
every day. 


1.5 or 3g q6h 


PIM 
IV 


(ampicillin sodium/sulbactam sodium) 





ROCRIG GE> 
A division of Pfizer Pharmaceuticals 
New York, New York 10017 a oS v 
| ab AN The one antibiotic 
oe see tee summary of prescribing information 
teo for every day 


© 1988, Pfizer Inc 


Reflecting a decade of 
new knowledge and advances 


The NEW third edition of 


HERNIA 








Edited by Lloyd M. Nyhus, M.D., and 
Robert E. Condon, M.D. / 62 contributors 





The most complete 
and authoritative 
source in the field 


Recurrenthemia. . . Cooper liga- 
ment repair of inguinal hernias 
. . Sliding hiatus hemia and con- 
comitant reflux esophagitis. . . 
. this comprehensive resource covers 
all aspects of the diagnosis, anat- 
omy, and treatment of hernia. Fea- 
tures that made the first two editions 
Classics in the field are retained 
here. Each chapter follows a format 
that lets you examine both estab- 
lished and new concepts of hernia: 
= etiology 
= signs and symptoms 
= diagnosis 
=» pathology 
=a treatment (including step-by- 
step techniques, results, and 
possible complications) 


Many chapters offer a ‘‘Special 
Comments“ section, which lets 
you consider both supporting and 
dissenting views of the chapter's 
material. In addition, Drs. Nyhus 
and Condon have included Edi- 
torial Comments in each chapter, 
bringing a unified perspective and 
continuity of thought to this multi- 
authored work. 
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New in the 

third edition: 

The new third edition has been 

extensively revised to reflect the 

significant advances that have 

taken place in the ten years since 

the publication of the last edition. 

Thoroughly updated and ex- 

panded material focuses on topics 

such as: 

a recurrent hernia 

a new techniques from Canada 
and France concerning special 
hernia problems 

a groin hernia 

a herniography 

a biomaterials in hernia repair 

= esophageal hiatal hernia and 
gastroesophageal reflux 

a paraduodenal! hernia 

a hernia of the broad ligament of 
the uterus 

Plus many new editorial and 

special comments accompanying 

most chapters. 


about 800 Pages. 

400 Illustrations. 62 Tables. 
January 1989. 
$95.00. 
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Duodenum-Preserving Resection of the Head of the 
Pancreas in Severe Chronic Pancreatitis 


Early and Late Results 





HANS G. BEGER, M.D., F.A.C.S., MARKUS BÜCHLER, M.D., REINHARD R. BITTNER, M.D., 


WOLFGANG OETTINGER, M.D., and RUDOLF ROSCHER, M.D. 





In 128 patients with severe chronic pancreatitis and inflammatory 
enlargement of the head of the pancreas, a duodenum-preserving 
resection of the pancreatic head was performed. Median post- 
operative hospitalization was 15.5 days, and the frequency of 
reoperation was 5.5%. One patient died during the early post- 
operative phase, and hospital mortality amounted to 0.8%. After 
a median follow-up period of 3.6 years (range of 7 months to 16 
years), six of 127 patients died (late mortality of 4.7%). Seventy- 
seven per cent of the patients were completely free of abdominal 
pain, 67% returned to their former occupations. During the late 
follow-up period, the glucose metabolism was unchanged in 
80.7% of the patients, in 13.7% it deteriorated, and in 5.5% it 
improved permanently; 80% of the patients experienced a marked 
increase in weight averaging 8.7 kg. Compared with the Whipple 
procedure, the duodenum-preserving resection of the head of the 
pancreas spares the patient with chronic pancreatitis a gastrec- 
tomy, duodenectomy, and resection of the extrahepatic biliary 
ducts. In terms of a subtotal resection, the limited operative in- 
tervention at the head of the pancreas and the preservation of 
the duodenum explain the low early and late postoperative mor- 
bidity and mortality. 


pancreatitis (CP) develop enlargement of the head 

of the pancreas due to inflammatory alterations. 
Parenchymal calcifications, pancreatic duct stones, small 
cystic cavities, and areas of minor necrosis are frequently 
found macromorphologically. The changes are charac- 
terized histologically by atrophy of the exocrine pancreas 
tissue, a local increase of fibrosis and neuritic alterations 
of the nervous tissue in the area of inflammation. "? Upper 
abdominal pain, having a variety of patterns, is the most 
common symptom in the clinical course of CP. But until 
now, it has not been possible to identify the causes of pain 
in CP with certainty. A proportion of the patients develop 
clinical symptoms caused by compression of the common 


T EN TO TWENTY PER CENT of patients with chronic 
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bile duct, resulting in cholestatic syndrome and jaundice, 
obstruction of the duodenum, and compression of the 
portal vein. In the late stage of CP, patients frequently 
suffer from diabetes mellitus, 

Surgical management of patients with this type of severe 
CP is necessary in cases of medically intractable pain, 
stenosis of the common bile duct, severe obstruction of 
the duodenum, or compression of the portal vein causing 
portal hypertension. In a few patients surgical intervention 
is recommended after diagnostic measures have failed to 
exclude a malignant process. The goals of treatment must 
include the effective reduction of pain as well as relief of 
biliary and duodenal obstruction or severe portal vein 
flow restriction, when present. 

To minimize the considerably high morbidity and 
mortality associated with the use of major pancreatic re- 
section, especially a large resection such as the Whipple 
operation, a stomach-, duodenum-, and biliary tree-pre- 
serving resection of the head of the pancreas has been 
introduced in surgical practice.*° The aim of this pro- 
cedure is not only to obtain constant pain relief and to 
save the left pancreas, spleen, stomach, duodenum, and 
common bile duct but also to preserve the highest possible 
endocrine and exocrine pancreatic function. The following 
report is concerned with the early and late results after 
duodenum-preserving resection of the head of the pan- 
creas (DPRHP) in 128 patients with severe CP. 


Patients 


From November 1969 to January 1988, surgical man- 
agement was performed in 541 patients with CP. In 135 
patients (25%), surgical management was performed after 
the development of an inflammatory tumor of the head 
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TABLE 1. Preoperative Morbidity in 128 Patients With Severe Chronic 
Pancreatitis and Inflammatory Tumor of the Head of the Pancreas 





No. of 
Morbidity Characteristics Patients Frequency 
Abdominal pain* Slight/none 4 3.2% 
Frequently 43 33.6% 
Daily 50 39.0% 
Daily severe 31 24.2% 
Diabetes mellitus Latent 27 21.1% 
Insulin-dependent 25 19.5% 
Jaundice/ 77 60.1% 
cholestasis 
Portal hypertension Due to portal vein 18 14.0% 
compression 
Due to liver 7 5.5% 
cirrhosis 
Stenosis of the Slight/moderate 39 30.5% 
duodenum Severe 14 10.9% 





* Duration of pancreatic pain: 3.4 years (median) (range 2 months- 
16 years). 


of the pancreas. DPRHP and the Whipple procedure were 
performed out in 128 and seven patients, respectively, 
(the majority of Whipple operations were performed be- 
fore 1972). The average age of the patients was 39 years 
(range of 22-68 years). One hundred eleven patients 
(86.7%) were men, and 17 patients (13.3%) were women. 
Alcoholic CP was present in 105 patients (82%), biliary 
CP was present in eleven patients, and CP of unknown 
etiology was present in twelve patients. The time lag from 
the onset of the symptoms of pancreatitis (in particular 
episodes of abdominal pain) to the time of surgery varied 
from 2 months to 16 years and averaged 3.4 years. 


Preoperative Morbidity 


The degree of abdominal pain and frequency of diabetes 
mellitus, jaundice, portal hypertension, and compression 
of the duodenum are shown in Table 1. Sixty three per 
cent of the patients had severe abdominal pain. Insulin- 
dependent diabetes mellitus was present in 25 patients, 
and 77 patients showed clinical signs of jaundice and/or 
laboratory data of cholestasis. Radiologically, almost half 
of the patients (41%) showed stenosis of the duodenum, 
but only 14 patients had severe duodenal stenosis, mostly 
in the prepapillary segment. Portal hypertension due to 
portal vein compression was rendered objective by clinical 
signs and by angiography in 18 patients. On the basis of 
the ERCP, 48 patients (37%) demonstrated a single ste- 
nosis of the pancreatic main duct due to tumor compres- 
sion in the head of the pancreas with prestenotic dilatation 
of the left duct system. 


Intraoperative Findings 


The intrapancreatic segment of the common bile duct 
was stenosed in 77 patients. 64 patients had a CBD stenosis 


BEGER AND OTHERS 


=A Ts Aian A PFA TA z ie ea 7 3 


Ann. Surg. e March 1989 


resulting from compression of the inflammatory tumor. 
However, 13 patients had an intramural inflammation in 
the choledocal wall resulting in wall rigidity and thick- 
ening. Parenchymal calcifications were found at the center 
of the inflammatory tumor of the head of the pancreas 
in 51 patients; 70 patients had pseudocystic cavities. 

In the operative specimens, one or several small areas 
(up to 5-7 mm in size) with necrotic tissue were found 
in 13 patients. Fourteen of 53 patients with stenosis of 
the duodenum had a severe duodenal stenosis due to in- 
flammatory-edematous wall infiltration or compression 
from the side of the pancreas. In 25 patients, signs of 
portal hypertension were found; in seven patients, this 
was due to liver cirrhosis; in 16 patients, there was a severe 
stenosis of the portal vein because of compression by the 
tumor of the head of the pancreas, and in two patients, 
there was occlusion by local thrombosis of the portal vein. 
Owing to the tumor of the head of the pancreas, the pan- 
creatic duct was stenosed over a distance of 1-3 cm in 48 
patients. 25 patients showed pronounced stenosis with 
dilatations (chain-lake phenomenon); in 20 patients, the 
pancreatic duct was wider than 8 mm at the cut surface 
of the left pancreas. 


Surgical Procedure 


The objective of surgical therapy is excision of the in- 
flammatory tumor in the region of the head of the pan- 
creas and decompression of the organs contiguous to the 
head of the pancreas.’ Excision of the inflammatory tumor 
leads to a decompression of the intra-pancreatic segment 
of the common bile duct in most patients (Fig. 1). 

Reconstruction with drainage of the pancreatic secre- 
tion from the left pancreas into the upper intestinal tract 
takes place through interposition of the uppermost jejunal 
loop (Fig. 2). 

In 13 patients, there was intramural inflammation with 
wall rigidity in the prepapillary CBD; resection of the in- 
flammatory tumor of the head of the pancreas did not 
lead to elimination of the stenosis. In these patients, an 
inner common bile duct jejunal anastomosis was carried 
out additionally. In 25 patients, because of dilatation and 
stenosis of the main duct, the entire duct was longitudi- 
nally incised, and a Puestov modification of the side-to- 
side anastomosis was performed between the left pancreas 
and the jejunal interponate (Fig.3). 


Early Postoperative Course 


The most frequent early postoperative complication 
was an episode of acute pancreatitis, which occurred in 
14 patients (11%). In eleven patients, there was an intes- 
tinal hemorrhage from the cut surface of the pancreas 
during the first few postoperative days; in two patients, 
reoperation was necessary to achieve hemostasis. A pan- 
creatic anastomosis fistula developed in three patients. A 
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Fic. 1. Local excision of the inflammatory tumor of the head of the 
pancreas resulting in a duodenum-preserving resection. 


duodenal fistula occurred in one patient (0.8%). Four pa- 
tients showed a stenosis of the prepapillary segment of 
the CBD even after the operation. A common bile duct 
jejunal anastomosis was performed in two patients be- 
cause of obstructive jaundice that continued after the op- 
eration, one patient underwent operation because of isch- 
emic duodenal fistula, one patient underwent operation 
on because of intra-abdominal abscess, and another pa- 
tient underwent operation because of mechanical ileus 
owing to adhesions. Altogether, seven of 128 patients had 
to undergo reoperation. (Table 2). The median duration 
of postoperative hospitalization was 15.5 days (range of 
7-52 days). One patient died on the ninth postoperative 
day of a fulminating pulmonary arterial embolism; the 
hospital mortality was 0.8%. 


Late Postoperative Results 


Of 128 patients, one died during the early postoperative 
period. Six patients died during the follow-up period, 
which lasted a total of 16 years. Two patients died of 
unknown cause, one patient committed suicide, one pa- 
tient died of lung cancer, one patient died in cardiogenic 
shock, and one patient died of a severe gastrointestinal 
(G.I.) hemorrhage 1 year after the operation. The late 
mortality was accordingly 4.7% (Table 2). Of 121 living 
patients, seven patients were excluded from the evaluation 
of the late postoperative results because they were in the 
early posthospitalization period (less than 3 months after 
operation) or had to undergo reoperation (one patient 





FIG. 2. Interposition of the first jejunal loop after DPRHP. Restoration 
of the exocrine pancreatic secretory flow into the upper jejunim. , 





FiG. 3. In 25 patients with pancreatic main duct dilatations and multiple 
duct stenosis, a Puestov modification was performed between the left 
pancreas and the jejunal loop anastomosis. 
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TABLE 2. Results After DPRHP: 128 Patients with Severe Chronic 
Pancreatitis and Inflammatory Tumor of the Head 


No. of Patients 


Results (%) 
Reoperation 7 (5.5) 
Hospital mortality 1 (0.8) 
Late mortality 6 (4.7) 





underwent Whipple operation during the fourth postop- 
erative year). Therefore, at the checkpoint December 31 
1987, the evaluation protocol comprised 114 patients. Of 
these, five patients did not attend the follow-up exami- 
nation in the hospital; this corresponds to a follow-up rate 
of 96% (109 of 114 patients) (Table 3). After a median 
follow-up period of 3.6 years, the glucose metabolism of 
80.7% of the patients was unchanged compared with that 
observed during the early postoperative period; in 13.7% 
of the patients, it had deteriorated, and in 5.5%, there was 
a lasting improvement in the glucose metabolism because 
of the operation (Table 4). A serum pancreolaury]l test 
was performed before operation in 44 patients and late 
after operation (more than 3 months after) in 66 patients 
in order to obtain an objective measure of the exocrine 
pancreas function. Eighty-five point one per cent and 97% 
of the patients had a pathologic serum pancreolaury] test 
before operation and late after operation, respectively. 
With regard to enzyme substitution, 33% of the patients 
were required to receive a full dose, and 46% did not de- 
pend on enzyme substitution. Eighty per cent of the pa- 
tients experienced an increase in weight, averaging 8.7 kg. 
In 18% of the patients, the weight remained the same 
compared with preoperative weight (Table 3). Twelve of 
109 patients (11%) had a late episode of pancreatitis re- 
quiring hospitalization. 

Seventy-seven per cent of the patients were completely 
free of abdominal pain; 12% had occasional pain, and 
11% had frequent pain (Table 5). In 54% of the patients 
there was no alcohol consumption. Twenty-nine per cent 
of the patients consumed alcohol occasionally, and 17%, 
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TABLE 3. Late Nutritional State After DPRHP 


No. of 
Nutritional State Patients Frequency 
Body weight Improved 87/109 80% 
Same as preoperative 20/109 
weight 18% 
Weight loss 2/109 2% 
Exocrine function Preoperative pathologic 34/44 
(serum PLT)* Postoperative 64/66 85% 
pathologic 97% 
Enzyme substitutiont Full dosis 36/109 33% 
Half dosis 23/109 21% 
Occasionally/none 50/109 46% 


* 44 patients measured before operation and 66 patients measured after operation. 
+ Check point December 31, 1987; 109 patients = 96% follow-up. 


frequently. Occupational integration was appraised for 
101 patients. Sixty-seven per cent of the patients had 
complete professional rehabilitation. Twenty per cent were 
in a State of limited or full retirement, and 13% were un- 
employed. 


Discussion 


CP with inflammatory enlargement of the head of the 
pancreas presents a particular entity of the disease. Clin- 
ically, special features can be discerned macroscopically, 
by light microscopy and by electron microscopy. The 
number of clinical occurrences of compression and/or 
stenosis of organs adjacent to the head of the pancreas 
(i.e., the intrapancretic common bile duct, the duodenum, 
the main pancreatic duct, and the portal vein) is consid- 
erable. Stenosis of the intrapancreatic CBD and the main 
pancreatic duct in the region of the head of the pancreas 
are very frequent in this type of CP. The process of in- 
flammation proceeding over many years leads to focal 
destruction of the acinar parenchyma and to proliferation 
of connective tissue, mainly in the head of the pancreas. 
Electron microscopically, the nerves are altered in the re- 
gion of inflammation in terms of a pancreatitic neuritis.’ 
Because of the destruction of the exocrine parenchyma 


TABLE 4. Endocrine Function in Chronic Pancreatitis After DPRHP 





Preoperative* 


Endocrine YLSA ee ee 

Function (128 Patients) % 
Normal 76 59.4 
Latent 27 21.1 


Insulin-dependent 25 19.5 


Postoperative 





Early Late 
(127 Patients) % (109 Patients)t % 
77 60.6 52 47.7 
24 18.9 28 23.7 
26 20.5 29 26.6 





* oGTT in 22 patients; profile of blood glucose in 81 patients. 
t oGTT in 29 patients; profile of blood glucose in 51 patients; patients 
with insulin-dependent diabetes mellitus were not tested. 


Glucose metabolism improved in 5.5%, deteriorated in 13.7%, and 
was unchanged in 80.7%. 
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TABLE 5. Late Results After DPRHP 
Result Description Patients Percentage 
Abdominal pain Free 84/109 77% 
Seldom 13/109 12% 
Frequent 12/109 11% 
Professional Complete 68/101 67% 
rehabilitation* Unemployed 13/101 13% 
Full/limited 20/101 20% 
retirement 

Consumption of None 59/109 54% 
alcohol Occasionally 31/109 29% 
Frequently 19/109 17% 


Check point: December 31, 1987; 109 patients follow-up (96%) 101 
patients > 6 months postop.; 6 mos.-1 yr., 20%; 1-2 yrs., 15%; 2-3 yrs., 
15%; 3-16 yrs., 50%. 


of the pancreas, there is a relative increase of the number 
of nerves; the individual nerve fibers are wide-spread; 
round-cell infiltrates and a striking disintegration of the 
perineurium are found.'* The disintegration of the peri- 
neurium in CP suggests that an unimpeded influx of in- 
flammation mediators, active pancreatic enzymes, and 
blood plasma components occurs after loss of the barrier 
function. The light and electron microscopic alterations 
of the nerves in the region of the head of the pancreas 
constitute the morphologic correlate of a disease-specific 
neuropathy.° It must therefore be assumed that the char- 
acteristic pain lasting over the course of several years is 
caused mainly by the inflammatory alterations of the head 
of the pancreas. The inflammatory process concentrated 
in the head of the pancreas is connected to a formation 
of small necrotic tissue areas and the development of small 
cavities; in the left pancreas, signs of inflammatory pro- 
cesses are far below the level of the inflammation in the 
head—macromorphologically and microscopically. 

The subtotal excision of the head of the pancreas re- 
sulted in sustained freedom from or minimization of pain 
after a median observation period of 3.6 years in 89% of 
patients. Furthermore, this observation corroborates the 
assumption that the pain is caused by the process of in- 
flammation in the enlarged head of the pancreas. Eleven 
per cent of the patients had to suffer from frequent pain 
even during the late postoperative course. These pa- 
tients—twelve of 109—continued to suffer alcohol-in- 
duced episodes of pancreatitis requiring hospitalization. 
However, further data are required for an objective con- 
firmation of this neuritic pain hypothesis in CP with in- 
flammatory tumor of the head of the pancreas. 

The objective of surgical therapy in CP with inflam- 
matory enlarged tumor of the head of the pancreas is the 
sustained elimination of the severe abdominal pain and 
decompression of the organs around the pancreas. 
DPRHP not only eliminates the main inflammatory pro- 
cess, but also results in a decompression of the adjacent 
organs, especially that of the intrapancreatic segment of 
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the CBD and the portal vein. Cholestatic syndrome or 
obstructive jaundice are mainly due to a stenosis of the 
choledocal segment caused by compression from the in- 
flammatory tumor of the head of the pancreas in CP. The 
excision of the tumor brought about decompression and 
restoration of bile flow into the duodenum. Choledochitis 
with wall thickening and stenosis was found in only 13 
patients; in these patients, an inner bile-duct anastomosis 
with the interponate was necessary to eliminate the cho- 
lestatic syndrome. The resection of the tumor of the pan- 
creatic head also results in the decompression of the portal 
vein, eliminating immediately the portal hypertension. In 
two patients, a vascular operation was necessary to elim- 
inate thrombi on the walls that were occluding the portal 
vein. The thrombectomy can be performed directly at the 
site without major difficulties. The severe duodenal wall 
stenoses are due to segmental, edematous, and cicatricial 
alterations of the serosa of the duodenum and the duo- 
denocolic ligament. They are caused by the recurrent 
pancreatitis concentrated in the head of the pancreas. By 
excision of this ribbon-like fibrotic tissue, it is possible to 
eliminate the stenosis without resecting or opening the 
duodenum. 

A major proportion of the patients (37%) had a long- 
distance stenosis of the pancreatic duct due to the tumor 
of the head of the pancreas. The resection of the tumor 
of the head of the pancreas effectuates restoration of the 
flow of the pancreatic secretion from the left pancreas via 
the jejunal interponate into the upper intestine. In 25 pa- 
tients, preoperative ERCP and/or intraoperative appraisal 
of the duct system in the left pancreas revealed stertosis 
and dilatation of the pancreatic duct. In these patients, 
the reconstruction was performed out by a side-to-side 
anastomosis between the left pancreas and the jejunal 
interponate in terms of a Puestov modification 
(Fig. 3). 

The DPRHP does not lead to a complete restoration 
of the restricted exocrine and endocrine function of the 
pancreas because the damage is irreparable due to the CP 
even if the pancreas is left in situ. However, as documented 
by the results of the follow-up investigations, the DPRHP 
cannot be linked with a significant increase in the fre- 
quency of diabetes mellitus. In 81% of the patients, the 
glucose metabolism remained unchanged compared with 
that of the preoperative situation. Late after operation, 
the glucose metabolism deteriorated in 13.7% of the pa- 
tients; a sustained improvement was found in 5.5%. Ina 
study of the incidence of diabetes mellitus after Whipple 
operations in CP, Frey’ found an increase in the rate of 
diabetes amounting to 20.6% of insulin-dependent dis- 
orders of glucose metabolism. After resection of the head 
of the pancreas preserving the duodenum, the ratio of 
improvement to deterioration of glucose metabolism was 
3% to 7% during the early postoperative period as com- 
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pared to 6% to 14% up to 16 years after the operation. In 
general, glucose metabolism did not deteriorate signifi- 
cantly after local excision of the inflammatory tumor of 
the head of the pancreas. The DPRHP also does not affect 
the nutritive status in a negative way, considering that 
80% of the patients increased substantially in weight and 
that a further loss of weight occurred in only 2%. 

The limited surgical trauma of DPRHP does not lead 
to any relevant diminuation of the endocrine and exocrine 
function of the pancreas due to the operation. The Whip- 
ple operation entails a Billroth II resection, total duode- 
nectomy, and resection of the extrahepatic bile ducts.®? 
This major surgical trauma is the reason for the early 
postoperative hospital mortality after surgery for CP of 
5-15% in most series.'°'? In the Whipple operation for 
CP, a mortality of less than 5% is achieved only in a few 
series of patients.'*'* Late complications after Whipple 
operation are due to a postgastrectomy syndrome, in- 
cluding dumping symptoms, diarrhea and dyspepsia, and, 
not uncommonly, even peptic ulceration.!™?! Traverso 
and Longmire?” have attempted to reduce the frequency 
and severity of postgastrectomy symptoms by application 
of a pancreas head resection preserving the pylorus. How- 
ever, gastric resection and total removal of the duodenum 
and a jejunal segment, as well as resection of the bile 
ducts, are not necessary in CP; even late sequelae with 
strictures at the choledocal jejunostomosis are absolutely 
avoidable. 

The late mortality after Whipple operation in CP is 
documented with greatly differing figures; in large series, 
it is‘between 20% and 40% with rare exceptions.?>’ This 
high late mortality after Whipple operation in CP cannot 
be explained exclusively by continued alcohol consump- 
tion of the patients; the late mortality after Whipple op- 
eration is mainly related to insufficiency of glucose me- 
tabolism.”''?°?3427 Because the DPRHP does not in- 
volve any significant impairment of endocrine function, 
the late mortality in this series was only 5.5%. The favor- 
able endocrine metabolic function during the late years 
after DPRHP is explained by the fact that the consequence 
of the resection is only a slight reduction of the pancreatic 
parenchyma (approximately 20-30%) and that the op- 
eration technique is based on preserving the passage of 
food through the duodenum with maintenance of phys- 
iologic regulation of insulin and glucagon secretion.”*° 
The low early and late postoperative morbidity and mor- 
tality, as well as maintenance of the level of the endocrine 
and exocrine functions of the pancreas, indicate that the 
DPRHP has the capacity to take up the position as a valid 
alternative to the Whipple operation. 
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Hyperamylasemia After Cardiac Surgery 


Incidence, Significance, and Management 





DAVID W. RATTNER, M.D., ZHUO-YUN GU, M.D., GUS J. VLAHAKES, M.D., and ANDREW L. WARSHAW, M.D. 


The significance of hyperamylasemia and its relationship to 
pancreatitis after cardiac surgery is controversial. Three hundred 
consecutive patients undergoing cardiopulmonary bypass were 
prospectively studied to determine the incidence and significance 
of postoperative hyperamylasemia. Ninety-six of three hundred 
patients (32%) developed hyperamylasemia. Fifty-six patients 
(19%) were classified as having isolated hyperamylasemia be- 
cause they were asymptomatic and had normal serum lipase. 
Thirty-two patients (10.7%) had subclinical pancreatitis defined 
as elevation of serum amylase and lipase or pancreatic isoam- 
ylase. Many of these patients had mild gastrointestinal symptoms 
that were self-limited. Eight patients (2.7%) had overt pancre- 
atitis documented by clinical findings, biochemical abnormalities, 
and computed tomography (CT) scan or autopsy. Isoamylase 
analysis demonstrated that isolated hyperamylasemia usually 
originated from nonpancreatic sources. However, hyperamylas- 
emia occurring in conjunction with abdominal signs and symp- 
toms or elevated serum lipase was almost always pancreatic in 
origin. Patients with hyperamylasemia had a significantly higher 
mortality rate (seven of 96 patients, 7.5%) than those with normal 
serum amylase(two of 204 patients, 0.9%) (p < 0.01) even when 
the amylase was nonpancreatic in origin (five of 56 patients, 
9%). The reason that nonpancreatic hyperamylasemia is asso- 
ciated with increased postoperative mortality is not established 
but may represent a variety of metabolic aberrations or tissue 
injuries. It is concluded that 1) hyperamylasemia after cardio- 
pulmonary bypass is a marker of potential clinical importance, 
and 2) pancreatitis in this setting is more common than previously 
recognized and is a potentially lethal complication. Successful 
treatment depends on early diagnosis and aggressive treatment. 


ORONARY ARTERY BYPASS GRAFTING (CABG) 
is the most commonly performed operation in 
the United States. As techniques have improved, 
the morbidity and mortality rates for this procedure have 
become remarkably low. Acute pancreatitis is a reported 
but poorly understood complication of cardiopulmonary 
bypass.’ Although hyperamylasemia has been noted in a 
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large proportion of patients after bypass, many authors 
have felt the amylase elevation did not reflect pancreatic 
injury and thus was of no clinical concern.?* Several 
studies have documented that the amylase-creatinine 
clearance ratio, which is said to indicate the likelihood of 
pancreatitis,” is elevated after bypass in the absence of any 
discernible pancreatic lesion.**° It has therefore been 
tempting to attribute hyperamylasemia to altered renal 
function rather than to pancreatic injury. aes 

The diagnosis of pancreatitis after cardiac surgery can 
be difficult. Epigastric pain, back pain, and vomiting that 
characterize other types of pancreatitis are unusual in this 
form of the disease.’ Rather, it tends to have subtle find- 
ings and a bland early clinical course until a complication 
such as infection or necrosis develops (Fig. 1). Conse- 
quently, many of the previously published studies rely 
heavily on information obtained at autopsy.” Our recent 
experience in treating three patients within a 6-month 
period who presented with pancreatic abscesses several 
months after CABG prompted us to initiate a prospective 
study of the incidence and significance of hyperamylas- 
emia after cardiopulmonary bypass. Our aims were to 
evaluate 1) the incidence of hyperamylasemia, 2) whether 
hyperamylasemia was due to pancreatic or nonpancreatic 
sources, 3) the relationship of hyperamylasemia to peri- 
operative alterations in renal function, 4) the incidence 
of genuine pancreatitis, and 5) guidelines for management 
of postbypass hyperamylasemia and pancreatitis. 


Patients and Methods 


Three hundred consecutive patients undergoing cardiac 
surgical procedures requiring cardiopulmonary bypass 
were studied. Blood samples were obtained on the first, 


eae 





FIG. 1. CT scan demonstrating infected necrosis in the head of the pan- 
creas (marked by percutaneous needle). This patient developed fever 
and ileus 8 days after an uncomplicated CABG. He had no abdominal 
tenderness and did not complain of abdominal or back pain. He recovered 
slowly after surgical debridement. 


second, and third mornings after the operation. Serum 
amylase levels were determined by the Beckman-Astra 
system. Serum lipase was determined by the turbidimetric 
method described by Vogel and Zieve.’ Patients with per- 
sistent elevation of serum amylase, elevated serum lipase, 
or clinical signs and symptoms of pancreatitis had serum 
collected for isoamylase determination. Isoenzymes of 
amylase (isoamylase) were separated and quantified by 
polyacrylamide gel electrophoresis and saccharogenic as- 
say as déscribed by Warshaw and Lee.'° The results were 
interpreted by an observer who was unaware of the pa- 
tients’ clinical status. 

Radiologic investigations and patient management were 
guided by the cardiac surgical team. In general, computed 
tomography (CT) scans were obtained in patients with 
persistent hyperamylasemia or in patients with abdominal 
complaints and hyperamylasemia. Patients were exam- 
ined daily by the cardiac surgical team and any abdominal 
complaints and findings recorded in the chart were noted. 


TABLE 1. Cardiac Surgical Procedures in 300 Consecutive Patients 





No. of Cases 
Operation (Re-do Operations) 

CABG 221 (22) 
AVR or MVR 31 (8) 

AVR or MVR + CABG 28 

AVR and MVR 9 (4) 
Postinfarct VSD 2 

ASD 2 

Others 7 





AVR = aortic valve replacement. 
MVR = mitral valve replacement. 
VSD = ventricular septal defect. 
ASD = atrial septal defect. 
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TABLE 2. Classification of Patients With Hyperamylasemia 


Percentage 
Classification No. of Patients of Total 
No hyperamylasemia 204 68.0 
Isolated hyperamylasemia 56 18.7 
Subclinical pancreatitis 32 10.7 


Overt pancreatitis 8 yM 


Autopsies were performed on four patients, and the find- 
ings are included in this study. 

Statistics were analyzed by two-way analysis of variance 
and the chi-square test; p values less than 0.05 were re- 
garded as significant. Data is expressed as mean + standard 
deviation. 


Results 


The mean age of the patients in this study was 65 years 
(range of 27-84 years). There were 230 men and 70 
women. Three hundred cardiac surgical procedures re- 
quiring cardiopulmonary bypass included 221 CABG, 31 
mitral or aortic valve replacement, 28 valve replacement 
+ CABG, nine double valve replacements, two postinfarct 
ventricular septal defect repairs, two atrial septal defect 
repairs, and seven others (Table 1). Thirty-four of the cases 
were reoperations (11.3%). Fifteen per cent were either 
urgent or emergency operations in unstable patients. 
There were nine deaths in this series, accounting for an 
overall mortality rate of 3%. 

Hyperamylasemia was defined as any elevation of the 
serum amylase > 123 U/l. There were 96 patients with 
at least one elevated serum amylase after operation. Thus 
the overall incidence of hyperamylasemia was 32%. The 
average serum amylase level in patients without hyper- 
amylasemia was 73 + 23. 

Patients with hyperamylasemia were divided into three 
groups according to their clinical status. Patients who were 
totally asymptomatic and who had no abdominal ten- 
derness or unexplained fever were classified as having iso- 
lated hyperamylasemia. There were 56 such patients, and 
this was by far the largest group. There were 32 patients 
who were thought to have subclinical pancreatitis because 
of mild ileus, nausea, or anorexia that occurred in con- 
junction with an elevated serum lipase. Patients with hy- 
peramylasemia, hyperlipasemia, abdominal pain or ten- 
derness, ileus, and evidence of pancreatitis by CT scan or 
autopsy were classified as having overt pancreatitis. There 
were eight such patients. Thus the incidence of clinically 
obvious pancreatitis was 2.7% (Table 2). Interestingly, the 
degree of hyperamylasemia correlated with the patients’ 
clinical course. Patients with overt pancreatitis had a sig- 
nificantly higher amylase than those with either subclinical 
pancreatitis or isolated hyperamylasemia (Fig. 2). 

Isoamylase determinations were made of forty patients. 
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TOTAL SERUM AMYLASE 


Mean +/- Std. Dev. 

















isolated subclinical overt 


normal 


hyperamylasemia pancreatitis pancreatitis 


FIG. 2. Serum amylase value and clinical classification. All hyperamy- 
lasemic groups differ significantly from normal by definition. 

*Isolated hyperamylasemia and subclinical pancreatitis are not sig- 
nificantly different. 

** » < 0.01 versus normal; p < 0.05 versus isolated hyperamylasemia 
and subclinical pancreatitis. 


All forty patients had elevated total serum amylases. In 
twelve patients, hyperamylasemia was due to nonpan- 
creatic amylase, whereas in 28 patients, pancreatic iso- 
amylase accounted for hyperamylasemia. Because iso- 
amylase analysis is not routinely available in most insti- 
tutions, we compared the sensitivity of serum lipase to 
isoamylase. Thirty-three per cent of the patients with 
nonpancreatic hyperamylasemia had minimal elevations 
of serum lipase, whereas 83% of those with elevated pan- 
creatic isoamylase had significant elevations of their serum 
lipase. The presence of pancreatic isoamylase correlated 
closely with the patients’ clinical status. Among those 
tested, all patients (six of six) with overt pancreatitis and 
nearly all with subclinical pancreatitis (21 of 22 patients) 
had elevated pancreatic isoamylase. By contrast, only one 
of twelve patients with isolated hyperamylasemia had el- 
evated pancreatic isoamylase. This difference was highly 
significant (p < 0.01). 

The relationship between renal function and hyper- 
amylasemia was also examined. Serum BUN and creat- 
inine were not significantly different among patients with 
or without hyperamylasemia. However, patients with 
overt pancreatitis had a statistically significant rise in BUN 
and creatinine during the postoperative period when 
compared with normoamylasemic patients (p < 0.05). 
Smaller rises in BUN and creatinine occurred in patients 
with subclinical pancreatitis and patients with isolated 
hyperamylasemia, but these were not significantly differ- 
ent than controls (Table 3). 
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TABLE 3. Relationship of Renal Function and Hyperamylasemia 


Preoperative Postoperative Change 
Group BUN Creatinine BUN Creatinine 
Normal 19410 12+04 -142+6 0.08+0.5 
Isolated Hyper- 
amylasemia axzil 12204 LE t3 .. 6207 
Subclinical 
Pancreatitis 24+10 1.3+0.5 3.4+9 0.24+0.5 
Overt Pancreatitis i54. 4 190203 56 43°” 085 + iit 


* p < 0.05 compared with normal amylase patients. 


There were seven deaths among 96 patients with hy- 
peramylasemia (7.5%), whereas only two of 204 patients 
without hyperamylasemia died (1%). This difference was 
highly significant (p < 0.01) (Table 4). Of the seven pa- 
tients who died with hyperamylasemia, one had hemor- 
rhagic pancreatitis, one had subclinical pancreatitis, and 
five had isolated hyperamylasemia. Isoamylase determi- 
nation in the patient with subclinical pancreatitis showed 
pancreatic amylase. Isoamylase determinations for the 
other patients were not available. Autopsies were per- 
formed on four of the seven patients with hyperamylas- 
emia. Hemorrhagic pancreatitis was confirmed at post- 
mortem examination in the patient with overt pancre- 
atitis. In three patients with isolated hyperamylasemia, 
the pancreas appeared normal. An autopsy was not per- 
formed on the patient with subclinical pancreatitis. 


Discussion 


There is an increasing awareness of the gastrointestinal 
(G.1.) complications that may follow cardiac surgery.'''!” 
Although some authors have minimized the incidence 
and significance of pancreatitis after cardiopulmonary 
bypass,”* those reports contained small numbers of pa- 
tients. Others have found significant acute pancreatitis 
and its sequelae in 20-25% of patients dying after cardiac 
surgery.” 

It is important to distinguish between postperfusion 
hyperamylasemia and postperfusion pancreatitis. The 
former is common, whereas the latter is not. The incidence 
of postperfusion hyperamylasemia in this series (32%) is 
similar to that of other reports.™!? The incidence of clin- 
ically significant pancreatitis in this series is 2.7%, which 
is higher than that of other reported series.2*”'*'* All 
cases were documented by a combination of anatomic 


TABLE 4. Mortality and Hyperamylasemia 


Serum Amylase No. of Patients Deaths Mortality Rate 
Elevated 96 7 7.5%* 
Normal 204 2 0.9% 


*p < 0.01. 
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(CT scan or autopsy), biochemical (amylase, isoamylase, 
and lipase), and clinical parameters (ileus or other ab- 
dominal complaints). Asymptomatic or minimally 
symptomatic patients were not classified as having overt 
pancreatitis, regardless of their serum biochemical values. 

Hyperamylasemia occurring in the absence of abdom- 
inal complaints or elevated serum lipase was unlikely to 
be of pancreatic origin, as demonstrated by isoamylase 
analysis. Over half the cases in this series (54 of 96 patients) 
were due to isolated elevation of nonpancreatic amylase. 
These patients had no evidence of subclinical pancreatic 
injury and had no morbidity related to the pancreas. 

A surprising finding in this series is the association of 
nonpancreatic amylase elevation with postoperative 
mortality. Patients with isolated hyperamylasemia had a 
mortality rate of 9% (five of 54 patients), which was sig- 
nificantly greater than the 1% mortality rate (two of 204 
patients) in patients without hyperamylasemia (p < 0.01). 
The source of amylase, as well as the mechanism respon- 
sible for hyperamylasemia in these patients, is unclear. 
Amylase-creatinine clearance ratios were not calculated, 
although others have shown this to be elevated after car- 
diopulmonary bypass.**°* Although altered renal clear- 
ance of serum amylase may account for isolated hyper- 
amylasemia, the postoperative changes in BUN and cre- 
atinine in this series were not significantly different from 
controls (Table 4). Perhaps there is a metabolic derange- 
ment in these patients, as seen in diabetic ketoacidosis, '” 
head trauma,'° and other postoperative states!” that causes 
serum amylase activity to rise. Regardless of the precise 
source and pathogenetic mechanism, isolated hyperam- 
ylasemia is probably an epiphenomenon that requires no 
specific therapy. 

One third of the patients with hyperamylasemia prob- 
ably had a subclinical pancreatic injury (32 of 96 patients). 
In these cases, a pancreatic source of amylase was cor- 
roborated by isoamylase analysis or elevated serum lipase. 
Most patients appeared clinically well. A few patients had 
a mild ileus. All CT scans on these patients were normal, 
although some patients had elevations of serum lipase 
and amylase that persisted for 3-4 weeks. In the current 
series, none of these patients developed overt pancreatitis, 
but outside of this study group we have seen several com- 
parable cases of subclinical pancreatitis that became com- 
plicated by necrosis or abscesses 2 weeks to 3 months 
after cardiac surgery. However, because this appears to 
be an uncommon occurrence, it does not seem justifiable 
to fast all patients with elevations of pancreatic isoamylase 
or lipase for prolonged periods if the patient has no symp- 
toms of pancreatitis. Even if small areas of necrosis are 
seen on the CT scan, there is little evidence to suggest 
that prolonged bowel rest and hyperalimentation will im- 
prove the outcome. We conclude that patients with sub- 
clinical pancreatitis should receive standard postoperative 
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care, but if they develop abdominal pain, ileus, unex- 
plained fever or other G.I. symptoms, a CT scan of the 
abdomen should be obtained in order to find complica- 
tions such as pancreatic necrosis or abscess. 

Acute pancreatitis occurring in the setting of recent 
cardiac surgery is a potentially lethal disease. Mortality 
rates of 35-80% have been reported for postperfusion 
pancreatitis.’'*'* Although experience at this institution 
in dealing with complicated cases of pancreatitis has led 
to markedly improved survival,'* the mortality rate is still 
high, and in this series was 12.5% (one of eight patients). 
These patients had prolonged hospitalizations, frequently 
requiring surgical debridement of pancreatic necrosis or 
percutaneous drainage of intra-abdominal collections. Of 
note is that two patients in whom postperfusion pancre- 
atitis developed had a previous history of pancreatitis, 
perhaps rendering them more susceptible to a further 
ischemic insult. 

Experimental and autopsy studies have suggested that 
the pancreas is susceptible to ischemic injury.’*!??° This 
study provides additional data that implicate ischemia as 
the pathogenetic mechanism responsible for postperfusion 
pancreatitis. Patients with overt pancreatitis had signifi- 
cant changes in renal function after operation, presumably 
because of hypoperfusion-induced tubular injury. As the 
age of the cardiac surgical patient population increases, 
mesenteric vascular lesions are likely to be more common. 
Because hypoperfusion is believed to be a major element 
in the pathogenesis of postperfusion pancreatitis, this may 
contribute to the apparently increasing incidence of pan- 
creatitis. It is tempting to speculate that the prophylactic 
use of agents that maintain splanchnic perfusion (dopa- 
mine) or prevent venous sludging (dextran) may be ben- 
eficial in patients undergoing cardiac surgery. We are not 
aware of any clinical studies addressing this issue. 

The management of patients with postperfusion pan- 
creatitis requires special consideration of the cardiac sur- 
gical procedures that they have recently undergone. Pa- 
tients with acute pancreatitis are likely to require a pro- 
longed period of fasting. Central total parenteral nutrition 
should be started promptly so that nutritional require- 
ments for recovering from cardiac surgery are provided. 
Patients undergoing valve replacement frequently require 
anticoagulation. Pancreatitis per se is not a contraindi- 
cation to carefully controlled anticoagulation, but stress 
gastritis is common in these patients, and therefore antacid 
regimens or H, antagonists are helpful in preventing G.I. 
bleeding. Hemorrhagic pancreatitis or G.I. bleeding both 
require cessation of anticoagulants. Because infection is 
a common complication of severe pancreatitis, patients 
with prosthetic heart valves are at risk of developing en- 
docarditis if bacteremia occurs. Although we do not use 
antibiotics in the absence of sepsis, we aggressively search 
for intra-abdominal infection so that it can be treated 
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promptly when diagnosed. Serial CT scans should be ob- 
tained every 7-10 days to assess changes in the retroper- 
itoneal anatomy. Large collections, particularly in sick 
patients, should be sampled percutaneously under CT 
guidance to search for infection that would require early 
surgical intervention.”' If extensive necrosis is present, it 
may be wise to proceed with surgical debridement before 
the collection becomes secondarily infected. After suc- 
cessful corrective heart surgery, most patients are reason- 
able candidates for further surgery if it becomes necessary. 
We believe that the low mortality in this series (12.5%) 
compared with that of previous reports (35-80%)!*:'* re- 
flects an aggressive approach to these patients. 
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Clinical and pathologic data from 73 patients with unresectable 
carcinoma of the pancreas treated from 1980 to 1987 were re- 
viewed to evaluate the efficacy of biliary enteric bypass and per- 
cutaneous transhepatic biliary drainage (PTBD) in the treatment 
of malignant biliary obstruction. Fifty-two patients underwent 
biliary enteric bypass with no operative deaths and with a 15% 
operative morbidity. These patients had a median postoperative 
hospitalization of 12 days. Four patients (8%) eventually devel- 
oped recurrent jaundice, and three of these were successfully 
treated with PTBD. The median survival for these 52 patients 
was 7 months. Twenty-one patients underwent PTBD with an 
81% technical-success rate. These patients had a 33% early 
complication rate and a 33% in-hospital mortality. The median 
hospitalization was 13 days postdrainage. Of the 14 patients 
surviving the initial hospitalization, 86% developed late compli- 
cations réquiring 16 hospital admissions and ten emergency room 
visits for a total of 155 days of hospitalization. The median sur- 
vival for those patients undergoing PTBD was 4 months from 
the time of diagnosis and 2 months from the time of catheter 
drainage. Surgical bypass offers excellent palliation for malignant 
biliary obstruction with extremely low morbidity and mortality 
in properly selected patients; PTBD is useful in the treatment 
of those patients with extensive disease, who are poor surgical 
candidates, or who have failed previous surgical drainage. There 
is a role for both of these palliative procedures in the management 
of patients with biliary obstruction from pancreatic cancer. 


ARCINOMA OF THE HEAD OF THE PANCREAS is 
the fifth most common cause of cancer-related 
death in the United States.' Complete tumor re- 
section affords the only chance for long-term survival; 
unfortunately, most patients present with advanced tu- 
mors that preclude any chance of curative surgery. The 
most common problem facing the surgeon today is de- 
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termining the best method of palliation for biliary ob- 
struction. A previous review of the surgical management 
of unresectable carcinoma of the pancreas from several 
series reported a mean operative mortality of 19%,” which 
is similar to the 22% operative mortality reported from 
our institution for those patients undergoing biliary and/ 
or gastroduodenal bypass from 1967 to 1978.7 However, 
these data were accumulated before to the frequent use 
of percutaneous transhepatic biliary drainage (PTBD) for 
the management of malignant biliary obstruction. More 
recent reviews show a significant decrease in the operative 
mortality associated with biliary enteric bypass for malig- 
nant biliary obstruction,** and this appears to be due, in 
part, to more frequent usage of PTBD to drain those pa- 
tients who might be unable to tolerate operation. 

The purpose of this retrospective review was to evaluate 
the efficacy of both biliary enteric bypass and PTBD in 
the treatment of biliary obstruction due to carcinoma of 
the head of the pancreas and periampullary region in terms 
of operative morbidity and mortality, technical success, 
days of hospitalization, long-term complications, and 
length and quality of survival. There was no attempt to 
compare the two groups because selection of treatment 
was biased by several factors; rather, the two treatment 
groups were analyzed separately, and their strengths and 
weaknesses were evaluated. 


Materials and Methods 


Seventy-three patients were treated at the Medical Col- 
lege of Virginia from 1980 to 1987 for biliary obstruction 
due to pancreatic or periampullary adenocarcinoma. Ex- 
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cluded from this review were any patients who underwent 
resection with curative intent, did not undergo de- 
compression of the biliary obstruction, did not have his- 
tologic confirmation of pancreatic or periampullary car- 
cinoma, or had any histology other than adenocarcinoma. 
Clinical and pathologic data were reviewed to determine 
the clinical presentation, type of palliative treatment, 
morbidity and mortality of the treatment, long-term 
complications, and survival data. 

Percutaneous drainage was performed using methods 
previously described.® Briefly, after cannulation of a 
suitable duct, a guide wire was advanced through the 
sheath into the ductal system across the obstructing lesion 
and into the duodenum. A biliary drainage catheter was 
advanced over the guide wire and, if possible, positioned 
with the side holes above and below the obstructing lesion 
to allow internal drainage. If the catheter could not be 
manipulated past the obstruction, the catheter was left 
above the obstruction and placed to external drainage. 

For the purpose of this review, operative mortality was 
defined as death within 30 days or death during the same 
hospitalization. 


Results 
Biliary Enteric Bypass 


Clinical presentation. Fifty-two patients underwent a 
biliary enteric bypass for palliation of their malignant bil- 
iary obstruction. The median age of the patients was 66 
years (range of 30-79 years). There was a slight male pre- 
dominance, with a ratio of 1.7:1. The most common pre- 
senting complaint was jaundice, which was present in 85% 
of the patients. Seventy-five per cent of the patients ex- 
perienced significant weight loss, and 62% had abdominal 
or back pain. Thirty-three per cent complained of nausea, 
vomiting, or anorexia, and only 13% had a palpable ab- 
dominal mass. None of these patients presented with fever 
or symptoms consistent with cholangitis. The average du- 
ration of symptoms was 1.4 months (range of 0.5-6 
months) (Table 1). 

Surgical Management. The reasons for the selection of 
palliative rather than resectional treatment for those pa- 
tients undergoing operation were the presence of meta- 
static disease in 28 patients (17 liver metastases, six peri- 
toneal metastases, and five nodal metastases), local in- 
vasion of tumor involving vital structures in 16 patients, 
and poor medical condition in eight patients. 

The operative procedures used to bypass the obstructed 
biliary duct included cholecystojejunostomy in 36 pa- 
tients, choledochojejunostomy in 15 patients, and hepa- 
ticojejunostomy in one patient. Forty-seven of the 52 pa- 
tients had a gastrojejunostomy performed in addition to 
their biliary bypass. Of the five patients who did not orig- 
inally receive a gastrojejunostomy, two subsequently de- 
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TABLE 1. Presenting Signs and Symptoms of Patients 
with Pancreatic Carcinoma 
Biliary Enteric Bypass 
Signs and Symptoms (n = 52) PTBD (n = 21) 
Jaundice 85% 100% 
Weight Loss 75% 91% 
Pain 62% 53% 
Nausea and vomiting 33% 24% 
Abdominal mass 13% 10% 
Cholangitis 0% 15% 


veloped gastric outlet obstruction requiring a gastrojeju- 
nostomy. Of note is that both of these latter patients died 
during their hospitalization after the gastrojejunostomy. 

There were no operative deaths among the 52 patients 
undergoing surgical biliary bypass. Eight patients (15%) 
had significant morbidity associated with the procedure, 
including two intra-abdominal abscesses, two wound in- 
fections, one pancreatic fistula, one anastomotic leak, and 
one case of pneumonia. 

The technical success of the surgical bypass as deter- 
mined by serum bilirubin levels is shown in Figure 1. The 
mean preoperative bilirubin of 14.8 + 1.13 mg/dl was 
reduced to 2.8 + 0.4 mg/dl after surgical bypass. Also, the 
mean preoperative alkaline phosphatase level of 714 
+ 65 U/l was reduced to a postoperative level of 312 
+ 29 U/L. 

The patients undergoing biliary enteric bypass had a 
median total hospitalization of 19 days (range of 9-77 
days) with a median postoperative hospital stay of 12 days 
(range of 6-69 days). f 

Long-term follow-up and survival. Progressive jaun- 
dice necessitating readmission to the hospital developed 
in four of the 52 patients at a median interval of 9.5 
months. Three of the four patients had successful PTBD 
of the biliary obstruction during this admission, and the 
remaining patient was treated symptomatically. These 
four patients had a total hospitalization of 60 days (Ta- 


‘ble 2). 
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Fic. 1. Means + SEM of pre- and postdrainage serum bilirubin in patients 
bypassed by operative and nonoperative methods. 
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TABLE 2. Late Complications After Biliary Decompression 


286 
Complications 
No. of Catheter 
Treatment Patients Cholangitis Problem 
Biliary Enteric 4 (8%) 0 
Bypass (n = 52) 
PTBD (n = 14) 12 (86%) 7 8 


* Three of these patients were successfully managed with PTBD. 


The median survival for those patients with pancreatic 
adenocarcinoma who underwent palliative biliary enteric 
bypass was 7 months (range of 1-46 months). 


Percutaneous Transhepatic Biliary Drainage 


Clinical presentation. Twenty-one patients underwent 
PTBD for palliation of their malignant biliary obstruction 
secondary to pancreatic and periampullary carcinoma. 
The median age of the patients was 71 years (range of 38- 
84 years). All of the patients were jaundiced, and 91% 
experienced significant weight loss. Twenty-four per cent 
of the patients had anorexia, nausea, or vomiting, and 
only 10% had a palpable abdominal mass. Three of the 
patients in this group (15%) presented with fever and 
symptoms consistent with cholangitis. Average duration 
of symptoms was 1.4 months (range of 1-3 months) (Table 
1). Seven of the 21 patients had a previous surgical bypass 
or resection of their pancreatic carcinoma and had re- 
current obstructive jaundice. 

Procedure and complications. Of the 21 patients un- 
dergoing PTBD, 17 cases (81%) were technically success- 
ful, as determined by adequate drainage of bile and de- 
compression of the obstructed bile duct. The average 
predrainage bilirubin and alkaline phosphatase levels of 
18.8 + 2.0 mg/dl and 995 + 198 U/l were reduced to 7.5 
+ 1.4 mg/dl and 418 + 55 U/l after drainage (Fig. 1). 
These patients underwent an average of two catheter 
changes to achieve adequate drainage, and 57% of the 
drainage tubes were 8.3 Fr or larger. Only six patients 
(29%) were able to have their catheter positioned through 
the neoplastic obstruction for internal drainage. 

Seven of the 21 patients (33%) had significant morbidity 
associated with PTBD. The early complications included 
four cases of cholangitis, one of hemothorax, one of bile 
duct perforation, and one dislodged catheter. Further- 
more, seven of the 21 patients (33%) died during the same 
hospitalization in which their PTBD was performed; none 
of these deaths appeared to be related to the PTBD. 

Patients undergoing PTBD spent a median time of 23 
days (range of 7-74 days) for their entire hospitalization, 
and a median time of 13 days (range of 4-53 days) post- 
drainage. 


Hospitalization 
Progressive 
Jaundice Admissions ER Visits Days 
4* 4 0 60 
0 16 10 155 


Long-term complications and survival. Of the 14 pa- 
tients who survived the initial hospitalization, twelve pa- 
tients (86%) had one or more complications secondary to 
the presence of the PTBD catheter. Seven patients (50%) 
had a total of eleven episodes of cholangitis and eight 
patients (57%) had a total of 15 episodes of catheter prob- 
lems requiring either hospital admission or emergency 
room visit. These twelve patients had a total of 16 hospital 
admissions requiring a total of 155 days of hospitalization 
and ten additional emergency room visits. The median 
time from discharge after initial PTBD to readmission or 
emergency room visit for catheter-related problems was 
1 month (Table 2). 

The median survival for the 21 patients undergoing 
PTBD for treatment of their malignant biliary obstruction 
due to carcinoma of the pancreas was 4 months from the 
time of diagnosis and 2 months from the time of catheter 
drainage. 


Discussion 


A common problem facing the surgeon today is how 
best to palliate the patient with biliary obstruction due to 
carcinoma of the pancreas that is not resectable for cure. 
The appropriate palliative procedure should have a low 
morbidity and mortality, a high rate of success of relieving 
jaundice, and a low rate of long-term complications, thus 
enhancing the quality of survival. Older reviews on the 
surgical management of unresectable carcinoma of the 
pancreas report operative mortality rates in the range of 
15-25% and operative morbidity rates of 30%.”*”'? These 
rates are clearly higher than desired for a palliative pro- 
cedure. However, these dismal results were often due to 
the advanced nature of the underlying disease process and 
the overall poor medical condition of these patients rather 
than the morbidity and mortality associated with the op- 
eration itself. Careful analysis of the cause of mortality in 
these patients indicated that the presence of carcinoma- 
tosis was the leading risk factor, and in the absence of 
metastatic disease, the mortality of surgical bypass ap- 
proached zero.!° 

With the advent of PTBD, there is a reasonable alter- 
native to operative decompression for the treatment of 
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malignant biliary obstruction, especially for those patients 
who are deemed poor surgical candidates. PTBD has been 
advocated as a safe and effective means of nonoperative 
biliary decompression that avoids both the morbidity and 
the prolonged hospitalization frequently associated with 
surgical bypass.'* However, this report and a review of 
the literature both indicate that the results of PTBD for 
palliation of malignant biliary obstruction are somewhat 
variable. Most reports note a high rate of technical success 
(85-97%) in terms of the ability of PTBD to adequately 
decompress the obstructed biliary system.'*'? However, 
the short- and long-term complications associated with 
PTBD are significant. The immediate complications as- 
sociated with the procedure include cholangitis, hemor- 
rhage, bile duct perforation, duodenal perforation, 
hemopneumothorax, electrolyte disorders, and catheter 
malfunction. We noted a 33% incidence of early compli- 
cations associated with PTBD in our series, which is sim- 
ilar to the 20-67% incidence reported in several se- 
ries.'*:'®'9-?? As noted by Mueller et al.,'° in a review of 
200 cases, long-term complications of PTBD include 
catheter dislodgement, tube obstruction, and cholangitis, 
and these occur at least once in most patients. In our 
series, 86% of the patients surviving their initial hospital- 
ization had late complications. These twelve patients had 
a total of 26 complications requiring 16 hospital admis- 
sions (155 days) and ten emergency room visits. Thus, 
the palliation afforded these terminally ill patients was 
less than optimal. 

Mortality resulting from the PTBD procedure itself is 
uncommon, with most series reporting a procedure-re- 
lated mortality of 1-2%.'*'® However, in-hospital mor- 
tality in patients undergoing PTBD for palliation of ma- 
lignant obstructive jaundice has been reported to be as 
high as 49%,'’ and this is thought to be due to the ad- 
vanced stage of disease. It is for these reasons that one 
must carefully select those patients to be palliated by 
PTBD. 

With the advent of routine PTBD, surgeons have been 
more selective regarding which patients should undergo 
operation to relieve obstructive jaundice. As a result, in 
recent reviews, the operative mortality for biliary enteric 
bypass has been reported to be as low as 0-6%,°? which 
is corroborated by our recent experience. Whereas the 
operative mortality at our institution during the period 
of 1967-1978, when all patients underwent operation, 
was 22%,° it has now declined to zero for patients under- 
going biliary enteric bypass for carcinoma of the pancreas 
during the last eight years. The 33% in-hospital mortality 
in patients undergoing PTBD in our series merely reflects 
a shift of the higher risk patients to this nonoperative 
method of biliary drainage. 

Clearly, one cannot compare the results obtained from 
PTBD with those obtained by surgical drainage, because 
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the patients undergoing PTBD are generally in worse 
medical condition and have a more advanced disease. 
However, it is clear that with proper patient selection, 
surgical bypass offers excellent palliation of biliary ob- 
struction with extremely low morbidity and mortality and 
few long-term complications. For these reasons operative 
bypass appears to be the procedure of choice for palliative 
management of malignant biliary obstruction from pan- 
creatic carcinoma in the good-risk patient. PTBD has 
proven to be a useful tool in the treatment of biliary ob- 
struction in pancreatic cancer patients with extensive dis- 
ease, those who are poor surgical candidates, or those who 
have failed previous surgical bypass. However, the rela- 
tively high hospital mortality and long-term complication 
rates for the high-risk group of patients undergoing PTBD 
point to the need for better definition of the role of pal- 
liative PTBD. 

Recent reports on the use of endoscopic placement of 
biliary endoprosthesis have suggested that this nonoper- 
ative method of biliary decompression is preferable to 
PTBD.”***° Siegel*® noted that in the treatment of 277 
patients with carcinoma of the pancreas, 89% had suc- 
cessful insertion of a biliary endoprosthesis with no pro- 
cedure-related surgery or death; however, there was a 20% 
complication rate and a 30% occlusion rate for a 3-month 
period. 

A recent randomized trial of endoscopic versus per- 
cutaneous stent insertion in the treatment of malignant 
obstructive jaundice revealed a significantly higher success 
rate for the relief of jaundice and a significantly lower 30- 
day mortality for those patients undergoing the endoscepic 
method.” These data suggest that endoscopic stenting 
may, in fact, be superior to PTBD in the palliative treat- 
ment of patients with carcinoma of the pancreas. How- 
ever, the long-term complications of both these procedures 
make them less desirable than surgical bypass in those 
patients who are expected to survive more than a few 
months. 
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Prostaglandin-Induced Gastric Mucosal 
Protection Against Stress Injury 


Absence of a Relationship to Tissue Glutathione Levels 





BRANT E. VICTOR, M.D., KARMEN L. SCHMIDT, PH.D.,” GREGORY S. SMITH, M.S., R. LAWRENCE REED, M.D., 


The effects of 16,16 dimethyl prostaglandin E, (dmPGE,) on 
the gastric mucosa of rats subjected to 1, 2, and 24 hours of 
water immersion stress were examined histologically. Results 
indicated a time-related increase in the total percentage length 
of glandular mucosa injured in normal saline (NS) pretreated 
rats that was significantly attenuated by subcutaneous dmPGE, 
pretreatment (5 ug/kg) after 1 hour (46.0 + 12.9 vs. 16.8 + 2.3; 
p < 0.005), 2 hours (45.4 + 1.0 vs. 13.8 + 2.2; p < 0.001), and 
24 hours (93.1 + 2.6 vs. 65.1 + 7.0; p < 0.005) of water immersion 
stress. Moreover, dmPGE,; essentially prevented the occurrence 
of deep, glandular injury that, in NS controls, involved approx- 
imately 13% and 26% of the mucosal surface after 2 and 24 
hours of immersion stress, respectively. Additionally, tissue levels 
of glutathione (umole/g weight of wet tissue) were measured to 
determine its role under such conditions. After 1 hour of stress, 
there were no differences in glutathione levels between NS or 
dmPGE, pretreated animals and fasted controls. After 2 and 24 
hours of stress, there were likewise no differences in glutathione 
levels between NS and dmPGE; pretreated groups, although 
levels in both groups were significantly decreased from fasted 
controls by approximately 30% at 2 hours and 37-47% after 24 
hours. These histologic and biochemical data indicate that 
dmPGE, attenuates both the extent and depth of glandular mu- 
cosal injury and does so in a manner unrelated to alterations in 
glutathione levels in gastric epithelium. 


(PGs) have been shown to confer protection of the 

gastric mucosa against a variety of known damaging 
agents, including absolute ethanol, taurocholate, strong 
acids and bases, and even boiling water.'? This process 
of mucosal protection by PGs has been termed cytopro- 
tection,’ and when evaluated histologically, appears to 
involve primarily the deeper layers of the gastric mucosa 
rather than the surface epithelial cells, at least with the E 
type PGs, the subgroup of these fatty acids with which 
most cytoprotective studies have been conducted.** These 
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protective capabilities of PGs are less well-characterized 
microscopically against stress-induced gastric mucosal le- 
sions. In addition, the pathogenetic factors underlying the 
acute mucosal lesions that occur under stress of varying 
types remain unknown. 

Glutathione, a nonprotein sulfhydryl compound, is 
present in high concentrations in the gastric mucosa of 
rats,’ dogs, and humans.’ This circumstance, coupled 
with the fact that exogenous sulfhydryl agents also’ possess 
varying degrees of cytoprotective activity, has implicated 
glutathione as a possible mediator of PG-induced cyto- 
protection. The first direct study of the role of glutathione 
in the prevention of gastric mucosal injury was reported 
by Szabo and associates.'? This investigation demon- 
strated that not only did orally administered absolute 
ethanol decrease mucosal glutathione levels with the con- 
comitant development of gastric lesions indicative of in- 
jury, but that sulfhydryl containing drugs lessened this 
damage and sulfhydryl blockers ablated the direct pro- 
tective effects induced by PGF>,. Since the time of this 
initial publication, there has been both confirming'''’ and 
conflicting'* evidence for a role of glutathione in gastric 
mucosal protection when the gastric epithelium is injured 
with topical damaging agents. 

The purpose of this study was to determine whether 
PG possesses cytoprotective properties when assessed his- 
tologically against gastric injury induced under conditions 
of stress, using a water immersion stress model, and, if 
so, whether alterations in glutathione metabolism con- 
tributed to the pathogenesis of this stress-induced damage 
and the resultant protection by PG. A preliminary report 
of these findings has been published.'° 
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Materials and Methods ded and cut into slices 4 um thick. Hematoxylin and eosin 
Experimental Design stained slides were prepared and viewed in a Zeiss III 


Female Sprague Dawley rats weighing approximately 
200 g were fasted 24 hours, housed in wide mesh bottom 
cages to prevent coprophagia, and allowed ad libitum wa- 
ter access. On the day of the experiment, animals ran- 
domly received a subcutaneous injection of either 16,16 
dimethyl PGE, (dmPGE,) in a dose of 5 ug/kg or an equal 
volume of normal saline. The dose of dmPGE,> used has 
been shown to prevent alcohol-induced gastric injury in 
the rat.’ After injection, rats were placed into a wire-mesh 
restraint cage and immersed to the level of the xiphoid 
process in water maintained at 23 C by a circulating water 
bath for 1, 2, or 24 hours. The details concerning this 
technique have been previously published.'® At the time 
that the animals were killed, stomachs were excised for 
morphologic evaluation or total glutathione assay. To 
provide adequate tissue samples for morphology or glu- 
tathione determination, parallel experiments were per- 
formed so that stomachs from one group of animals were 
retrieved for histologic assessment, whereas those from 
the other group were obtained for mucosal glutathione 
assay. 


Morphologic Evaluation 


On completion of each immersion period (1, 2, or 24 
hours), animals were lightly anesthetized with ethyl ether, 
and rapidly, through a midline laparotomy incision, the 
pylorus and distal esophagus were ligated and 2 ml of one 
half strength Karnovsky’s fixative!” were injected through 
the forestomach into the gastric lumen. The stomach was 
then excised and immersed in the same fixative for at 
least 24 hours at 4 C and assigned a code number to keep 
the histologist (K.L.S.) unfamiliar with the experimental 
protocol. After retrieval of stomachs, animals were killed 
by cervical dislocation. After fixation, the stomachs were 
sharply opened along the lesser curvature, and intralu- 
minal debris was gently irrigated away. The mucosal sur- 
face was grossly examined by an unbiased observer, and 
a macroscopic ulcer index was assigned. This was accom- 
plished by visually dividing the mucosal surface into halves 
and estimating the percentage of gross mucosal damage 
in each half; these two values were then summated to 
obtain the total percentage of mucosal surface grossly 
damaged for each stomach. Without exception, injury was 
limited macroscopically to the glandular stomach. 

Once macroscopically scored, two 1-mm X 10-mm full 
thickness gastric tissue blocks from identical glandular 
mucosal regions of each stomach were excised by scalpel 
along the greater curvature and oriented perpendicularly 
to the long axis of the stomach | mm and 5 mm inferior 
to the limiting ridge. The tissue was then paraffin embed- 


photomicroscope (Carl Zeiss, Inc., Thornwood, NY). A 
graded micrometer eyepiece was used to measure the 
overall length of each tissue section (two sections per 
stomach, as described) and the corresponding percentage 
of total mucosal length injured was determined. In ad- 
dition to the length or extent of mucosal damage assessed, 
the depth of mucosal injury was determined and cate- 
gorized as being either superficial or deep injury. Super- 
ficial injury represented damage confined to the surface 
epithelium facing the gastric lumen and lining the gastric 
pits. Deep injury represented damage extending from the 
level of the gastric lumen through the bottom of the pits 
with involvement of some or all of the gastric glands. 
Indices of cellular injury have been previously published? 
and included cytoplasmic vacuolization, cytoplasmic 
swelling, nuclear pyknosis and nuclear swelling with 
chromatin margination. Paired measurements for per- 
centage of length and depth of mucosal surface injured 
were averaged to obtain a single value for each of these 
categories of damage for each stomach. 


Glutathione Determination 


An adaptation of the 5,5’-dithiobis(2-nitrobenzoic 
acid) (DTNB)-glutathione disulfide (GSSG) recycling 
procedure’? originally described by Owens’? and subse- 
quently modified by Tietze” and Griffith?! was used to 
assay total glutathione in the gastric glandular mucosa. 
Experiments were conducted in such a fashion that ani- 
mals were killed between 10 a.m. and 12 p.m. because of 
the known diurnal variation of glutathione levels.’* Also, 
because glutathione levels decrease with fasting,’ a separate 
group of rats were fasted 1, 2, and 24 hours in addition 
to the initial 24 hour fast so that baseline glutathione levels 
could be obtained for comparison with the levels deter- 
mined after 1, 2, and 24 hours of immersion stress. 

Upon completion of each period of immersion stress 
or control fasting, animals were individually anesthetized 
with ethyl ether, and stomachs were rapidly excised 
through a midline laparotomy incision and immediately 
washed gently with ice-cold deionized water; animals were 
then killed by cervical dislocation. The gastric mucosa, 
exclusive of the forestomach, was stripped from the un- 
derlying muscularis and immediately transferred to vials 
of ice-cold 5-sulfasalicylic acid (SSA; 5% weight/volume) 
and weighed. After homogenization and centrifugation at 
7000 rpm for 5 minutes, 10 ul of the resultant supernatant 
was added to cuvettes containing 0.248 mg nicotinamide 
adenine dinucleotide phosphate (NADPH) per milliliter 
of 0.143 M sodium phosphate buffer [with 6.3 mM edetic 
acid (EDTA) and adjusted to pH 7.5], 6 mM DTNB, and 
deionized water to a total volume of | ml. After addition 


i Sf ER a a E TEER 

















Vol. 209 + No. 3 GASTRIC MUCOSAL PROTECTION AGAINST STRESS INJURY 291 
10> CO SALINE PRETREATED 100 st cs, Bile ree 
QO, 9 dmPGE2 PRETREATED Yi 90 dmPGE> PRETREATED r] 
g O 80 
< <L =e *** 
> ee = 2 
So 6 O Se 60 
re Gy 50 
Oy 4 OX 40 
T O 4 A a 
oe ae ies f 
=a 2 O~~ 20 $ 
= 1 = 10 N N 
0 a od N N 
1 HOUR 2HOURS 24 HOURS = 1 HOUR 2HOURS 24 HOURS 
TIME OF WATER IMMERSION STRESS = TIME OF WATER IMMERSION STRESS 


FIG. 1. Effects of varying periods of water immersion stress on the de- 
velopment of macroscopic mucosal injury (expressed as percentage of 
total glandular mucosa damaged) in animals pretreated with either saline 
or dmPGE). All values represent means + SEM. N = 6 in both groups 
at | hour, N = 5 in both groups at 2 hours, and N = 13 in saline- 
pretreated animals at 24 hours and N = 15 in dmPGE>-pretreated animals 
at 24 hours. 
* p < 0.001 versus saline pretreated groups. 


of GSSG reductase (266 U/ml), the rate of DTNB reduc- 
tion to 5-thio-2-nitrobenzoic acid (TNB) that is propor- 
tional to the total glutathione level was followed spectro- 
photometrically at 412 nm (Beckman DU-50 spectro- 
photometer; Beckman Instruments, Inc., Irvine, CA). The 
amount of glutathione in each sample was determined by 
comparison of the observed change in slope over time to 
a standard curve generated with known amounts of glu- 
tathione. Sample glutathione concentrations were ex- 
pressed as umole/g weight of wet tissue. 


Statistical Analysis 


Analysis of variance was used to statistically evaluate 
the differences among the experimental groups. All group 
values were reported as a mean + SEM. When a p value 
of < 0.05 was obtained, differences between groups were 
considered statistically significant. 


Results 


Water immersion stress produced a consistent, time- 
related increase in the severity of macroscopic gastric mu- 
cosal injury in the saline pretreated rats (Fig. 1) confined 
to the glandular stomach with sparing of the forestomach. 
Gross damage involved 2.2 + 0.3% of the mucosal surface 
after 1 hour of immersion stress, and this increased to 9.0 
+ 0.4% at 24 hours. This damage can grossly be described 
as punctate lesions that tended to be linearly grouped par- 
allel to the gastric rugae and located primarily in the fun- 
dus (acid-secreting portion), although some antral lesions 
were observed as the duration of immersion progressed. 
These lesions bled intraluminally, although not massively 
so. This appearance plus the microscopic evidence pre- 
sented below, indicating no penetration into the muscu- 


FIG. 2. Percentage of the total mucosal surface injured microscopically 
(includes both superficial and deep categories of injury) in animals ex- 
posed to 1, 2, and 24 hours of water immersion stress after saline or 
dmPGE;, pretreatment. All values represent means + SEM. N values are 
the same as those described in Figure 1. 

* p < 0.05; ** p < 0.001; *** p < 0.005 versus saline pretreatment 
groups. 


laris, and the acute nature of the lesions technically clas- 
sifies these lesions as erosions rather than ulcerations.” ?* 
DmPGE), pretreatment immediately before immersion 
prevented development of macroscopically identifiable 
erosions after 1 and 2 hours of immersion stress and sig- 
nificantly (p < 0.001) lessened the degree of injury after 
24 hours from 9.0 + 0.4% to 4.8 + 0.5% (Fig. 1). Animals 
fasted 1, 2, and 24 hours in addition to the initial 24 hour 
fast without undergoing immersion stress displayed no 
lesions grossly. ere 

Microscopically, the extent of mucosal injury as Well 
as its depth in both saline and dmPGE,; pretreated groups 
at 1, 2, and 24 hours of water immersion stress are dem- 
onstrated in Figures 2 and 3. It can be seen that as the 
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Fic. 3. Effects of 1, 2, and 24 hours of water immersion stress on the 
development of deep mucosal injury (defined in the text) in saline- and 
dmPGE,;-pretreated animals. N values are the same as those described 
in Figure 1. 

* p < 0.001 versus saline-pretreated groups. 

NS = not significantly different. 
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Fics. 4A and B. (A) Light photomicrograph of gastric mucosa exposed to 2 hours of water immersion stress after subcutaneous saline pretreatment. 
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This photomicrograph demonstrates the severest degree of injury present in this group. There is extensive loss of the surface and superficial glandular 
epithelium from the central region of this tissue sample. Further glandular injury is evidenced by parietal cells with pyknotic nuclei and lucent 
cytoplasm (single arrows). The remaining surface mucous cells in the interfoveolar regions and in the pits exhibit pyknotic nuclei indicating cell 
injury or death (double arrows). (Paraffin-embedded, hematoxylin and eosin stain, magnification X 100). 

L = lumen; M = muscularis mucosa. 

(B) Light photomicrograph of gastric mucosa exposed to 2 hours of water immersion stress after subcutaneous dmPGE, pretreatment. This partial 
section is representative of the severest degree of injury present in this group. Although many surface epithelial cells are damaged across the length 
of this photomicrograph, as demonstrated in those cells with pyknotic nuclei (single arrows), the mucosal architecture is maintained and the parietal 
cell mass appears relatively uninjured. The damage that is present is confined to interfoveolar and gastric pit regions. (Paraffin-embedded, hematoxylin 


. 


and eosin stain, magnification X 100). 
L = lumen; M = muscularis mucosa. 


time of stress progressed, there was a general increase in 
the extent of mucosal damage and a tendency towards 
the deeper categories of injury in the saline-pretreated 
groups; these trends were markedly attenuated by 
dmPGE); pretreatment (see Figures 4 and 5). It should be 
noted, however, that even dmPGE, pretreatment became 
less effective in its protective capabilities as the length of 
stress increased (compare 24 hours of stress vs. 1 and 2 
hours in Figures 2 and 3). In comparable fasted animals 
not subjected to stress, less than 4% of the mucosal surface 
displayed evidence of microscopic injury that was always 
confined to the surface epithelial cells lining the gastric 


lumen, and presumably represented normal cellular se- 
nescence. 

Total GSH assay results are shown in Figure 6. Glu- 
tathione disulfide (GSSG) (the oxidized form of glutathi- 
one) was also assayed in preliminary studies (data not 
shown) to determine whether the relative concentrations 
of reduced and oxidized forms of glutathione may change 
under the various experimental conditions even though 
the total amount may not. Because GSSG levels repre- 
sented only 3% or less of the total glutathione present in 
those specimens in which this biochemical species was 
evaluated, and because they did not change significantly 
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Fics. 5A and B. (A) Light photomicrograph of gastric mucosa exposed to 24 hours of water immersion stress after saline pretreatment. This 
representative tissue sample shows marked exfoliation of the surface epithelium with extrusion of mucus and cellular debris into the gastric lumen 
(single arrows). Superficial glandular injury is indicated by hemorrhage (double arrows) and damaged parietal cells (arrowhead). Damaged parietal 
cells are visible deep within the mucosa (double-bar arrows), but this injury does not extend to the muscularis. (Paraffin-embedded, hematoxylin 
and eosin stain, magnification X 100). 

L = lumen; M = muscularis mucosa. 

(B) Light photomicrograph of gastric mucosa exposed to 24 hours of water immersion stress after subcutaneous dmPGE), pretreatment. Focal sites 
of surface mucous cell injury are localized to interfoveolar zones and are accompanied by mucus extrusion (single arrows). Remaining regions of 
mucosa are essentially normal. Scattered parietal cells show evidence of injury (pyknotic nuclei) (arrowhead). (Paraffin-embedded, hematoxylin and 


eosin stain, magnification X 100). 
L = lumen; M = muscularis mucosa. 


regardless of the protocol being studied, such measure- 
ments were not pursued further. Total GSH levels (all 
values in units of umole per gram weight of wet tissue) 
in fasted control rats (2.33 + 0.12) did not differ signifi- 
cantly from the levels obtained in saline-pretreated (2.10 
+ 0.05) or dmPGE.,-pretreated (2.19 + 0.12) rats subjected 
to 1 hour of immersion stress. After 2 hours of immersion 
stress, there was a significant decrease in total GSH from 
2.81 + 0.09 in time-matched fasted control rats to 2.00 
+ 0.06 in the saline-pretreated group (p < 0.001) and 2.03 
+ 0.16 in the dmPGE>-pretreated group (p < 0.005), al- 
though there was no significant difference between the 
latter two experimental groups. A similar trend, albeit in 


larger decrements, was observed after 24 hours; saline 
pretreatment (0.93 + 0.04) and dmPGE, pretreatment 
(1.10 + 0.07) groups failed to differ from one another, 
but both were decreased significantly (p < 0.001) from 
fasted control animals (1.74 + 0.07) by 46.5% and 36.8%, 
respectively. Also at 24 hours, glutathione levels in fasted 
rats were significantly less than levels in corresponding 
animals at 1 and 2 hours. 


Discussion 


The morphologic appearance of the acute gastric mu- 
cosal lesions resulting from stress (formally called erosions) 
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FIG. 6. Alterations in gastric mucosal total glutathione content (expressed 
in units of uzmole/g weight of wet tissue) in animals fasted 1, 2, and 24 
hours in addition to the initial 24 hour fasting period (blank bars) without 
undergoing water immersion stress, and in animals after 1, 2, and 24 
hours of water immersion receiving prior saline (diagonal-patterned bars) 
or dmPGE, (cross-hatched bars) treatment. N = 6 in all groups. 

* p < 0.005 and ** p < 0.001 versus both immersion + saline and 
immersion + dmPGE, groups; NS = not significantly different. 


are well characterized**** and are confirmed in our study. 
The vast majority of studies dealing with stress-induced 
mucosal injury have relied on quantifying these gross le- 
sions as an index of overall damage present macroscop- 
ically. This study demonstrates the unreliability of mac- 
roscopic ulcer indexing as a measure of total gastric mu- 
cosal damage in this model, substantiating previous 
observations by Lacy and Ito* using absolute ethanol ad- 
ministration as the injurious method in rats. Macroscopic 
mucosal damage in saline pretreated rats was approxi- 
mately 2%, 4%, and 9% of the total glandular mucosal 
surface after 1, 2, and 24 hours of water immersion stress, 
respectively. When these same tissue specimens were mi- 
croscopically viewed, approximately 46%, 45%, and 90% 
of the glandular mucosal surface was damaged after 1, 2, 
and 24 hours of stress, respectively. Thus, there was ap- 
proximately twentyfold more damage microscopically 
than the naked eye could discern macroscopically after | 
hour, and tenfold more damage after 2 and 24 hours of 
immersion stress. These findings reveal the broad under- 
estimation of macroscopic injury as an indicator of the 
actual extent of mucosal injury present. In addition, 
whereas dmPGE); grossly appeared to protect completely 
against stress-induced mucosal injury after 1 and 2 hours 
of water immersion, approximately 15% of the surface 
was actually damaged, albeit this damage was superficial. 
More dramatically, at 24 hours, dmPGE); pretreated an- 
imals had thirtyfold more mucosal damage on a micro- 
scopic level than was grossly appreciated. 

We found a consistent time-related increase in both the 
extent and depth of microscopic injury in the saline pre- 
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treated animals in this experimental model. The injury 
occurred rapidly, with the greatest rate of increase of mu- 
cosal damage occurring within the first hour of stress. Al- 
though dmPGE,; failed to completely protect against mu- 
cosal damage, it is evident that the cytoprotective effects 
rendered likewise occurred very rapidly, in accord with 
previously published reports involving a wide variety of 
noxious insults.'* That dmPGE, was significantly cyto- 
protective in a single 5 ywg/kg-subcutaneous dose, even 
when stress was prolonged for 24 hours, is especially note- 
worthy because the half-life of dmPGE, is approximately 
4-5 hours.*° Although the mechanism responsible for the 
dmPGE, mediated gastric mucosal protection is un- 
known, the event(s) underlying stress injury must be ini- 
tiated early to allow dmPGE), to confer protection both 
after 1 and 2 hours of stress and for the more persistent 
24 hours of stress. The fact that dmPGE, was less effica- 
cious after 24 hours of stress, however, suggests that other 
factors have overridden the initial aberrations prevented 
by PG. 

PG pretreatment markedly attenuated the development 
of the deep mucosal injury that is evident in saline pre- 
treated groups at 2 and 24 hours of immersion stress (Fig. 
3). That PGs are capable of preventing deep mucosal in- 
jury has been documented in other studies in which 
ethanol was used as the injurious agent.*® Interestingly, 
however, our results also indicate that dmPGE, signifi- 
cantly prevented the development of superficial injury. 
This was evidenced by the observation that the total 
amount of damage present was significantly greater in the 
saline pretreated groups than in dmPGE), pretreated 
groups at each time period evaluated, yet only a small 
fraction of the total damage represented deep injury. Such 
findings are in contrast to the protective ability of dmPGE> 
against ethanol injury in which only deep mucosal pro- 
tection has been consistently observed.*® The reason for 
the dissimilar protective capabilities of dmPGE, when 
challenged by these two different injurious insults remains 
unknown and will require further study, particularly when 
it is realized that a synthetic analogue of another PG 
subgroup, namely PGF>,, has been recently shown to 
confer substantial protection to both the deep and surface 
epithelium in the rat stomach when damaged by alcohol.” 

In the present study, our hypothesis that GSH was a 
mediator of PG-induced gastric mucosal cytoprotection 
was predicated on several experimental observations: 1) 
the known high gastric mucosal GSH content;’? 2) the 
previously observed mucosal protective capabilities of 
sulfhydryl drugs and the deleterious effects that follow 
sulfhydryl depleter administration;’:'°*’ 3) PGs have been 
shown to increase mucosal levels of nonprotein sulfhydryl 
compounds* of which GSH is the major component; and 
4) the extreme rapidity, efficiency, and sustained action 
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of PGs favoring an as yet undefined biochemical process 
as mechanistically important in promoting mucosal pro- 
tection. 

Glutathione levels in the gastric mucosa were evaluated 
under experimental conditions separate but identically 
parallel to the morphologic portion of this study. Gastric 
mucosal GSH was assayed immediately after the animals 
were killed, as opposed to after freezing, to avoid the re- 
actions between GSH and 2-y-glutamyl transpeptidase 
that occur very rapidly on tissue thawing and result in 
falsely low GSH levels.'* After 1 hour of immersion stress, 
we observed that, despite clear evidence of mucosal dam- 
age and of dmPGE, mediated protection against such 
damage, GSH levels failed to differ between these groups 
as well as from baseline (control) levels. As immersion 
time progressed, GSH levels between saline and dmPGE, 
pretreated groups greatly decreased from control levels 
without differing significantly between themselves, despite 
worsening damage in the saline-pretreated group. 

It was noted in our study that tissue levels of GSH in 
the stomachs of fasted control rats were significantly less 
when animals were killed at 24 hours than when animals 
were sacrificed at 1 and 2 hours (Fig. 6). This probably 
represents a gradual dissipation of stored gastric glutathi- 
one because dietary intake of sulfur-amino acids is nec- 
essary for the synthesis of GSH. Because all rats were fasted 
for 24 hours before the study, the control rats killed at 24 
hours after commencement of the study would have re- 
ceived a total fasting period of 48 hours. Thus, it would 
be expected that their glutathione levels would be less 
than corresponding fasted control animals killed at 1 and 
2 hours. Why the water immersion rats with and without 
PG pretreatment had further decrements in their gluta- 
thione levels when killed at 2 and 24 hours compared 
with corresponding controls is unclear. Possibilities in- 
clude: 1) altered GSH synthesis secondary to stress-in- 
duced enzyme inactivity; 2) decreased intra-organ and/ 
or interorgan GSH transport due to decreased visceral 
organ blood flow as a result of the stress reaction; or 3) 
an increased catabolism of available tissue GSH secondary 
to the stress. In view of the fact that PG-treated animals 
demonstrated considerably less cellular injury than saline 
controls, it is unlikely that cellular damage per se is the 
explanation for the diminution in immersed rats com- 
pared with controls, but the tissue glutathione levels in 
both groups at all times at which animals were killed were 
not significantly different from one another. 

Although we were unable to demonstrate differences 
in tissue glutathione levels in immersed rats receiving PG 
in which the level of gastric injury was clearly less pro- 
nounced than in saline-treated controls, our results, al- 
though questioning a role for glutathione in cytoprotec- 
tion, by no means excludes that possibility. It is possible 
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that tissue changes in this substance are so rapid that our 
assay is not sufficiently sensitive to detect such alterations. 
The previous observation that PGs elevate GSH levels in 
gastric epithelium? and that GSH-depleting agents can 
prevent the cytoprotective action of PGs under various 
experimental circumstances'”'' still suggest a role for this 
agent in mucosal defense. Another possibility is that the 
protein sulfhydryl agents, rather than the nonprotein 
components such as GSH, are responsible for gastric mu- 
cosal protection, as some studies have suggested.**”? It 
becomes obvious, therefore, that much additional work 
needs to be done before the true role of the sulfhydryl 
compounds in mucosal defense is understood. 
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caused by susceptible gram-negative microorganisms: Urinary Tract Infections 
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Enterobacter species* including E. cloacae*, and Proteus mirabilis’. 
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gram-negative aerobic pathogens seen in general surgery. 
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used concurrently with aztreonam, especially if high dosages of the former are 
used or if therapy is prolonged, renal function should be monitored because of 
the potential nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The 
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Surgical Margin and Recurrence After Resection of 
Hepatocellular Carcinoma in Patients with Cirrhosis 


Further Evaluation of Limited Hepatic Resection 





YASUHIRO YOSHIDA, M.D., TAKASHI KANEMATSU, M.D., TAKASHI MATSUMATA, M.D., 
KENJI TAKENAKA, M.D., and KEIZO SUGIMACHI, M.D., F.A.C.S. 


This report attempts to elucidate the manner in which the surgical 
margin is linked to a recurrence after curative hepatectomy for 
hepatocellular carcinoma (HCC) in patients with cirrhosis. Forty 
patients were divided into two groups: those in whom the margin 
from the cut surface to HCC in the fresh resected specimen was 
less than 10 mm wide, and patients in whom the surgical margin 
was equal to or exceeded 10 mm. These margins were expressed 
as tumor wedge positive [TW(+)], and tumor wedge negative 
[TW(—)], respectively. There were 24 and 16 patients in the 
TW(+) and TW(-—) groups, respectively. There was no statis- 
tically significant difference in clinicopathologic variables, except 
for age and values of serum albumin between the two groups. 
There was a recurrence in ten of 24 patients (42%) of the TW(+) 
group and in eight of 16 patients (50%) of the TW(—) group. 
Mean disease-free periods were 21.4 months in the TW(+) group 
and 23.6 months in TW(—) group. These 40 patients were also 
divided with regard to the time of recurrence, the early recurrence 
within 24 months, and the late recurrence after 24 months. There 
was no statistically significant difference in the rate of recurrence 
and mean disease-free period between the TW(+) and TW(—) 
groups in the early and late recurrence groups. In both the TW(+) 
and TW(—) groups, there were no recurrences in 13 of 16 patients 
(81.3%) with a tumor less than 4 cm in diameter, yet there were 
recurrences in seven of eight patients (87.5%) with a tumor ex- 
ceeding 4 cm in diameter, regardless of the time to recur- 
rence.These results suggest that in patients with a tumor less 
than 4 cm, the extent of TW is not linked to an early recurrence. 
However, when the tumor size exceeds 4 cm, 10 mm of TW is 
inadequate to achieve curability. When a wide resection is not 
feasible, then adjuvant chemotherapy should be aggressive. 


has increased more than twofold, especially during 
the last decades.' Patients with HCC very often have 
liver cirrhosis, usually nonalcohol related.“ In a cirrhotic 
liver, regeneration of the liver after hepatic resection is 
generally limited*’ and massive hepatectomies or even 
wedge resections should or may be contraindicated.?*'° 


| N JAPAN, primary hepatocellular carcinoma (HCC) 
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Recent studies have paved the way for development of 
techniques and indications for liver resection for HCC 
associated with cirrhosis.''"'* Okamoto et al.'° found a 
positive correlation in the case of postoperative deaths 
between those who underwent resection of more than 60% 
of the nontumorous parenchyma and a liver volume rem- 
nant of less than 400 g. In 1984, we advocated “limited 
hepatic resection” for HCC in patients with cirrhosis.'® 
This terminology related to a technique involving enu- 
cleation of the tumor in which less than 10 mm of liver 
tissue surrounding the lesion is removed. This procedure 
led to a comparably longer survival compared with the 
results achieved by standard hepatic lobectomy or seg- 
mental resection. When hepatic resection is performed 
for HCC, there are several definitions with regard to “cu- 
rative operation.” Surgeons in the western hemisphere 
apparently consider curative resection to be removal of 
all of the gross tumor.'° On the contrary, several studies 
reported from eastern countries showed that the surgical 
margin from the tumor edge to the cut surface should be 
10-20 mm for a curative resection.’”"'” 

We searched for possible correlations between the sur- 
gical margin in patients with HCC associated with liver 
cirrhosis and curative hepatectomies and recurrences. 


Materials and Methods 
Patients 


For entry into the present study, patients had to have 
a histologically verified cirrhosis of the liver and a solitary 
HCC of less than 10 cm in diameter, without evidence of 
metastases. Patients were followed closely, and those who 
died of causes other than cancer were excluded from the 
study. 


PST eS Maii ee eT aE ee Aa mF: ç 


YOSHIDA AND OTHERS Ann. Surg. e March 1989 


TABLE 1. Perioperative Data of 40 Patients with Hepatocellular 
Carcinoma Combined with Liver Cirrhosis 





Groups 
(Mean + SD) 
TW (+) TW (-) 
Data (n = 24) (n = 16) p value 
Age (years) 59.7 + 6.2 54.6 + 7.3 p < 0.05 
Sex (Male:female) 15:9 Bra | 
ICG* (<10%) 23.2% 12.1 17.2+ 9.5 
Prothrombin time 
(=80%) 65.7 + 13.8 70.7 + 16.6 
Albumin (3.9-5.0 
g/dl) 3.4+0.5 3.8 + 0.5 p < 0.05 
Gammaglobulin 
(<20%) 24:1 £55 20.7 + 5.0 
Total bilirubin 
(0.2-1.2 mg/ 
dl) 10+ 0.4 0.8 + 0.3 
HBsAgt (+) 3 (13%) 8 (50%) 
Operation time 
(minutes) 237 + 90 221 + 94 
E.B.L.£ (ml) 1842 + 1162 1636 + 1203 
Procedure 
Lobectomy 4 (17%) 1 (6%) 
right 2 | 
left 2 0 
Segmentectomy 3 (13%) 1 (6%) 
Subsegmentectomy 5 (21%) 5 (31%) 
Partial hepatec- 
tomy§ 12 (50%) 9 (56%) 





* Indocyanine green test. 

+ Hepatitis-B surface antigen. 

ł Estimated blood loss. 

§ Extent of the resection less than subsegmentectomy. 
Numbers in parentheses are normal values. 


Of 147 patients who underwent curative hepatectomies 
between April 1971 and July 1987, 40 met all the above- 
mentioned criteria. There were 30 men and ten women, 
with the mean age of 57.6 (range of 41-75 years) at the 
time of operation. Surgical treatment was performed by 
the same surgical team, and all the patients were Japanese. 
The resected liver specimen was minutely examined by 
certified pathologists. The specimen was cut at a thickness 
of 1 cm. According to the minimal width of the surgical 
margin in the fresh resected specimen, the patients were 
divided into two groups. When there was less than a 10- 
mm surgical margin, this was defined as tumor wedge 
positive [TW(+)]. On the other hand, when a surgical 
margin equal to or more than 10 mm was left, this was 
expressed as tumor wedge negative [TW(—)]. This clas- 
sification has been advocated by the Liver Cancer Study 
Group of Japan. In addition, the presence of a capsule 
(fibrous tissue) surrounding the tumor was carefully doc- 
umented. After macroscopic examinations, the specimens 
were fixed in 10% formalin, then cut and prepared for 
microscopic examination with hematoxylin and eosin 
stain. Histologically, the classification of Edmondson and 
Steiner was used.”° 


Follow-up 


The patients were seen regularly every 1 or 2 months 
during the first three postoperative years, and at 6-month 
intervals thereafter. Serum alpha-fetoprotein (AFP) con- 
centrations were measured by radioimmunoassay when 
the patient visited our clinic. Combinations of ultrason- 
ographic examinations, hepatic computed tomography 
(CT), and liver scans using *’™technetium sulphur together 
with chest x-rays were performed at 6-month intervals. 
When a recurrence was suspected, the patients were read- 
mitted and evaluation by hepatic angiography was made. 
All of the patients were followed for at least 7 months 
after the first operation. The choice of adjuvant chemo- 
therapy was based on the clinical status of the patient and 
the results of postoperative liver function tests. Anti-cancer 
drugs were given via the hepatic artery or the portal vein 
to six patients of the TW(+) group and two patients of 
TW(-—) group. Four patients of the TW(+) group and two 
of the TW(—) were prescribed 600-800 mg/day of oral 5- 
fluorouracil, for as long as it could be tolerated. No ad- 
juvant chemotherapy was administered to the remaining 
26 patients. 

With regard to recurrence, it is most difficult to distin- — 
guish tumors due to nonexcised cancer tissue and unrec- 
ognized multifocal primary tumors from new primary 
ones. In the present study, all tumors detected after re- 
moval of all the gross tumors were regarded as a recur- 
rence. 

Recurrence was confirmed mainly with hepatic angio- 
gram. Patterns of recurrence were appraised from the two 
types of recurrence on the angiographic findings: 1) re- 
currence arising from the same or adjacent segments to 
the segment located in the resected tumor, and 2) recur- 
rence arising from the different segments that were not 
adjacent to the segment located in the tumor or in distant 
organs. 


Statistical Analysis 
Student’s t-test was used to determine statistical sig- 
nificance of difference for unpaired observations. 
Results 


Of these 40 patients, there were 24 in the TW(+) group 
and 16 in the TW(-—) group. There was no case of a fi- 
brolamellar variant of HCC. 


Perioperative Data 


Perioperative clinical data of 40 patients are shown in 
Table 1. Patients in the TW(+) group were significantly 
older than those in the TW(-—) group, and serum albumin 
levels were also significantly decreased in TW(+) group. 
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There was no significant difference in sex, other biochem- 
ical tests, and factors related to surgical procedures. 


Pathologic Findings 


Table 2 shows the surgical margin from the cut surface 
to HCC (TW), tumor size, depth of tumor and pathologic 
findings, in each group. 

The mean value of TW was 3.3 mm and 18.0 mm in 
the TW(+) and TW(-—) groups, respectively. 

Mean size of the tumor was 3.3 cm and 3.2 cm in the 
TW(+) and TW(-—) groups, respectively. HCC exposed 
on the surface of the liver or located just beneath the 
surface was evident in eight of 24 patients (33%) in the 
TW(+) group, and in eight of 16 patients (50%) in the 
TW(—) group. Although there was no statistical difference, 
tumors in the TW(+) group tended to be located in deeper 
portions. No significant difference was evident in the for- 
mation of capsule between the two groups. On micro- 
scopic examination, there was no significant difference in 
tumor invasion in the vasculature and histologic classi- 
fication between the TW(+) and TW(—) groups. 


Recurrence Rate and Disease-Free Period 


Until February 1988, recurrence was evident in ten of 
24 patients (41.7%) in the TW(+) group and in eight of 
16 patients (50.0%) in the TW(—) group, with no statistical 
significance. 

The relationship among tumor size, value of TW, and 
recurrence was examined according to the disease-free in- 
terval: the disease-free interval was either within 24 
months after the first operation (Group 1) and exceeded 
24 months (Group 2). 

Figures 1A and B show the results for all cases and for 
Group 1, respectively. In Group 1, for those patients with 
a tumor less than 4 cm, the recurrence rate was 23% (three 
of 13 patients) and 0% (none of three patients) in the 
TW(+) and TW(-—) groups, respectively. On the other 
hand, in those patients with a tumor equal to or more 
than 4 cm, the recurrence rate was 100% (three of three 
patients) and 80% (four of five patients) in the TW(+) 
and TW(-—) groups, respectively. There was no significant 
difference between the TW(+) and TW(-—) groups. In 
Group 2, there was no particular related tendency. 

Table 3 shows the recurrence rate and disease-free pe- 
riod in recurrent cases, regardless of tumor size between 
TW(+) and TW(—) groups, in Groups | and 2. In neither 
the recurrence rate nor the disease-free period was there 
any significant difference between TW(+) and TW(-—) 
groups. 


Pattern of Recurrence 


The pattern of recurrence is shown in Table 4. Of the 
18 patients with recurrence in both groups, there was a 
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TABLE 2. Tumor Size, Depth of the Tumor, and Pathologic 
Findings in Each Group 





Groups 
(Mean + SD) 
? TW (+) TW (-) 
Item (n = 24) (n = 16) 

TW (mm) BS 2.7 18.0 + 10.5 
Tumor size (cm) 3.3 + 1.9 3.2 + ° 20 
Depth of tumor* 

So 16 (67%) 8 (50%) 

S; 8 (33%) 8 (50%) 
Capsulet 

++ 3 (12.5%) 3 (19%) 

+ 16 (66.5%) 8 (50%) 

— 5 (21%) 5 (31%) 
Vpt 

+ 7 (29%) 4 (25%) 

— 17 (71%) 12 (75%) 
E & S§ 

I 3 (12.5%) 1 (6%) 

II 17 (71%) 11 (69%) 

Ill 3 (12.5%) 2 (13%) 

Anaplastic 0 1 (6%) 

Unclassified 1 (4%) 1 (6%) 


* Tumor was invisible from the liver surface and visible during lap- 
arotomy. 

+ ++: the tumor is firmly encapsulated with fibrous tissue; +: the 
tumor is surrounded by a thin fibrous capsule; —: no capsule. 

t +: cancer cells are microscopically evident either in the portal vein 
or in the hepatic vein; —: cancer cells are not evident in either vein. 

§ Edmondson and Steiner’s classification” of hepatocellular carcinoma. 
“Unclassified” refers to specimens not able to be graded according to 
this criteria because of an almost entire necrosis. 


recurrence arising from the liver remnant adjacent-to the 
segment where the resected tumor had been located in 
three patients of the TW(+) group. These tumor sizes 
were 3, 5, and 7 cm, and margins from cut surface to 
HCC were 1, 4, and 5 mm, respectively. The recurrences 
occurred at 7, 7, and 86 months after hepatic resection, 
respectively. Conversely, recurrence arising from the ad- 
jacent segments related to the primary tumor did not 
occur in the TW(—) group. In the remaining 15 patients, 
there was no recurrence in the first resected hepatic stump; 
rather it was in different segments. In one patient with a 
tumor 4.3 cm in diameter, a recurrence was detected 20 
months later. The surgical margin in this patient was 
48mm. 


Discussion 


Bradpiece et al.”' reported that in 18 patients with liver 
metastases from a colorectal cancer, the clearance of he- 
patic excision with a 5 mm disease-free margin was the 
only significant prognostic indicator, in terms of both he- 
patic recurrence and survival. 

Regarding a curative hepatectomy for HCC, Okamoto 
et al.'’ stated that the surgical margin had to exceed 10 
mm through the thick noncancerous liver parenchyma. 
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FIGS. 1A and B. Relationship between tumor size and the surgical margin (TW) from the cut surface to HCC with regard to recurrence. Open circles 
indicate recurrence-free cases and closed circles indicate recurrent cases. Asterisks show recurrence from the resected hepatic stump. (A) All cases. 


(B) Group 1. 


Lee ¢t al.'* suggested that the adequate margin was at 
least 20 mm. In another series, those same authors ex- 
amined the “adequate margin”’of tumor specimens based 
on a study of 103 patients with histologically proven HCC, 
with or without liver cirrhosis, including both single and 
two nodules." After defining the adequate and the in- 
adequate margins as more than or equal to 10 mm and 
less than 10 mm from cut surface to the tumor margin, 
respectively, they found a significantly longer survival in 
patients with an adequate margin. 

However, there is no consensus regarding an adequate 
surgical margin for curative operation for HCC associated 
with cirrhosis. In patients with severely impaired liver 
function or those with a tumor close to large vascular 


structures, an adequate surgical margin may not be fea- 
sible. In cirrhotic patients, the balance between postop- 
erative hepatocellular reserve and surgical curability will 
greatly influence the prognosis.*!%7? 

Some of the authors of the present report? noted that 
recurrence was detected at an average of 20 months after 
radical resection for HCC. On the other hand, Lin et al.?? 
described that death within 2 years after hepatic resection 
for HCC was due mainly to a recurrence in the residual 
liver, as observed in 143 patients who had died within 2 
years of operation. Regarding the recurrence, it was dif- 
ficult to distinguish death due to nonexcised cancer tissues 
from new primary tumors. It is possible that the late re- 
currence in the remaining lobe after curative hepatecto- 


TABLE 3. Recurrence Rate and Disease-Free Period in Recurrent Cases Regardless of Tumor Size (Mean + SD) 





Overall 
TW (+) T ie) 
Recurrence 41.7% 50% 
Rate (10/24) (8/16) 
Disease-free period 
(mos.) 21.4 + 24.6 23.6 + 13.6 
Range (mos.) 6-86 7-46 








Group | Group 2 
TW (+) TW (-) TW (+) TW (-—) 
37.5% 50% 50% 50% 
(6/16) (4/8) (4/8) (4/8) 
fpr A ae a | 15.362 42.0 + 29.4 34.0 + 10.2 
6-13 7-20 25-86 25-46 
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TABLE 4. Pattern of Recurrence After Hepatic Resection 


Groups 
Pattern of 
Recurrence TW (+) TW (=>) 
A 3 (30%) 0 
B 7 (70%) 8 (100%) 
Total 10 8 





A = recurrence arising from the same or adjacent segments to the 
segment located in the resected tumor. 

B = recurrence arising from different segments adjacent to the segment 
located in the tumor or in distant organs. 


mies for HCC is a new lesion primary in origin.?*** 
Therefore, the relationship between recurrence and TW 
was analyzed by early and late recurrence, the dividing 
line being determined 24 months after the surgery. 

The results showed that in the group with less than a 
24-month disease-free interval, there was little difference 
between the TW(+) and TW(-—) groups in recurrence rate 
and disease-free period, regardless of size of the tumor. 
However, in this group with less than a 24-month disease- 
free interval, there is the possibility that a surgical margin 
of more than 5 mm was enough to prevent recurrence in 
those patients with a tumor less than 4 cm in diameter. 
When the tumor is less than 4 cm, the extent of TW is 
not linked to a relatively early recurrence within 24 
months after curative surgical management. In those pa- 
tients with a tumor equal to or more than 4 cm, there 
was a recurrence even with a 10-mm surgical margin. 

That is, the factor “TW” as defined in this study was 
not a significant determinant of early recurrence within 
2 years. Therefore, adjuvant therapy is essential to prevent 
early recurrence within 2 years after a curative resection, 
even when all the gross tumors seemed to have been re- 
moved. 
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Intra-Abdominal Sepsis After Hepatic Resection 





RONALD F. PACE, F.R.C.S.C.,* JOHN I. BLENKHARN, PH.D., WILLIAM J. EDWARDS, M.D., MARK ORLOFF, M.D., 
LESLIE H. BLUMGART, F.R.C.S., and IRVING S. BENJAMIN, F.R.C.S. 


ee 


One hundred and thirty hepatic resections performed over an 8- 
year period were reviewed for evidence of postoperative intra- 
abdominal sepsis. Of 126 patients who survived for more than 
24 hours after operation, 36 developed culture positive intra- 
abdominal collections (28.6%). Significant independent variables 
associated with the development of intra-abdominal sepsis were 
diagnoses of trauma or cholangiocarcinoma, and the need for 
reoperation to control hemorrhage during the postoperative pe- 
riod. Before 1984, infected fluid collections were treated pre- 
dominantly by operative drainage, but this has largely been re- 
placed by percutaneous methods, which have proven effective in 
most cases. Eighteen (50%) of the infections were caused by a 
mixed bacterial culture, with Streptococcus faecalis, Staphylo- 
coccus epidermidis, Staphylococcus aureus and Escherichia coli 
being the most common isolates. Six patients with clinical signs 
of sepsis had a sterile fluid collection drained with complete 
relief gf symptoms. This review suggests that intra-abdominal 
sepsis is a frequent complication after hepatic resection, and can 
often be managed successfully by nonoperative percutaneous 
drainage. 


well-recognized complication after hepatic resec- 
tion.'* Although usually performed in the absence 
of gross bacterial contamination, hepatic resection often 
results in a large dead space with devitalized tissue at the 
line of resection. This may reduce the inoculum required 
for the development of infection;? moreover, the presence 
of blood and bile in the peritoneal cavity may impair the 
normal host defense mechanisms.*° Classically, postop- 
erative subphrenic or perihepatic abscess has been man- 
aged by reoperation,® but modern imaging and percuta- 
neous radiologic techniques now offer an alternative non- 
operative therapeutic modality.”* 
We have reviewed a series of patients who have un- 
dergone hepatic resection in the Hepatobiliary Surgery 
Unit at the Hammersmith Hospital, London, to identify 


pP OSTOPERATIVE INTRA-ABDOMINAL sepsis is a 
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the risk factors associated with the development of pos- 
thepatectomy intra-abdominal infection, and to evaluate 
the changing trends in management. 


Patients and Methods 


The case records of 127 patients who underwent hepatic 
resection between 1979 and 1988 were reviewed for evi- 
dence of intra-abdominal infection developing during the 
postoperative period. 

The techniques employed for hepatic resection followed 
well-established guidelines,’ usually with blunt transection 
of the hepatic parenchyma following initial hilar dissection 
and ligation of the appropriate arterial and portal 
branches. A Pringle maneuver, using a soft vascular clamp 
placed across the porta hepatis, was frequently used to 
reduce blood loss. When necessary, biliary reconstruction 
was performed by means of a 70-cm Roux-en-y jejunal 
loop, usually with the biliary anastomosis stented by a 
small silastic catheter to permit cholangiography during 
the postoperative period. The residual cavity was drained 
by large-bore silastic drains, which were connected to a 
closed collecting system. Drains were usually left in place 
until the drainage fluid was serous and the daily losses 
were below 100 ml. Prophylactic antibiotics were routinely 
administered with the induction of anesthesia and were 
frequently continued for 72 hours after completion of 
surgery. Before 1981, prophylaxis usually consisted of 
three antibiotics (tobramycin, cefamandole, metronida- 
zole); since that time, we have used a double antibiotic 
regime consisting of piperacillin and gentamicin. 

Intra-abdominal infection was suspected when the pa- 
tient had a persistent postoperative pyrexia in the absence 
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of wound, urinary or pulmonary complications, or de- 
veloped unexplained clinical deterioration. Most patients 
were then investigated by ultrasonography or computed 
tomography (CT) scanning in an attempt to identify a 
localized fluid collection that might be the source of sepsis. 
Once identified, the presence of a postoperative perihe- 
patic fluid collection in a patient with clinical symptoms 
of sepsis was taken as suggesting evidence of an intra- 
abdominal infection. Confirmation of the presence of in- 
tra-abdominal infection was obtained by a positive culture 
of fluid from the abdominal cavity; this was performed 
either at the time of reoperation or at the time of initiation 
of percutaneous drainage. The various methods used to 
treat the postoperative intra-abdominal infection were 
noted, as was the need for further operative or nonoper- 
ative intervention at a later date. 

Statistical significance was evaluated using the chi- 
square or Student’s t-test in a univariate analysis, and 
significant variables were then analyzed for independence 
using a stepwise discriminant analysis (BMDP Sta- 
tistical Software Programs, W.J. Dixon, Ed. Manufacturer, 
Berkeley, University of California Press, 1987). 


Results 


From 1979 to 1988, 130 hepatic resections were per- 
formed in 127 patients ranging in age from | to 75 years 
(mean of 43.2 years). The 30-day mortality was ten of 
108 patients in elective cases (9.3%) and eight of 22 pa- 
tients (36.3%) where resection was performed after liver 
trauma. The indications for resection were primary he- 
patic malignancy in 50 cases (38.5%), metastatic disease 
in 35 cases (26.9%), benign disease in 23 cases (17.7%), 
and trauma in 22 cases (16.9%) (Table 1). The resections 
performed were extended hepatectomy in 35 cases 
(26.9%), hepatectomy in 58 cases (44.6%), and left lateral 
or segmental hepatic resections in 37 cases (28.5%) (Table 
2). Thirty patients (23.1%) also required biliary recon- 
struction in addition to their resection. 

Of the 126 resections performed where the postoper- 
ative survival was greater than 24 hours, postoperative 
intra-abdominal sepsis occurred in 36 patients (28.6%). 
By means of univariate analysis using Student’s t-test and 
the chi-square test, we were able to identify several clinical 
and biochemical variables significantly associated with the 
development of posthepatectomy intra-abdominal infec- 
tion (Tables 3 and 4). However, a stepwise discriminant 
analysis disclosed that the only significant factors related 
independently to the development of postoperative intra- 
abdominal infection were a diagnosis of either trauma or 
cholangiocarcinoma, or if reoperation was required during 
the early postoperative period to control hemorrhage. If 
one excludes the 19 patients who presented with trauma, 
and the 27 cases of cholangiocarcinoma, then in only 
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TABLE 1. Indications for Hepatic Resection and Percentage of Patients 
Developing Posthepatectomy Intra-abdominal Sepsis 


Indications for Hepatic No. of 
Resection Patients Infected % Infected 
Malignant 
Primary 
Cholangiocarcinoma 27 14 51.9 
Hepatocellular carcinoma 20 6 30.0 
Other primary 3 0 
Secondary 34 4 11.8 
Benign 
Haemangioma 7 0 
Focal nodular hyperplasia S 0 
Hepatic adenoma 4 0 
Other 7 2 28.6 
Trauma 19 10 52.6 
Total 126 36 28.6 





twelve of 80 cases (15%) did intra-abdominal sepsis de- 
velop. A statistical analysis of clinical and laboratory val- 
ues of these 80 patients now reveals that the only inde- 
pendent variable statistically associated with the devel- 
opment of sepsis is the need to reoperate to control 
postoperative hemorrhage. 

Before 1984, the preferred approach in this unit for the 
management of posthepatectomy intra-abdominal infec- 
tion was reoperation. As available diagnostic imaging 
techniques improved and confidence was gained with 
methods of percutaneous drainage, nonoperative drainage 
of suspected postoperative intra-abdominal abscesses 
rapidly became the procedure of choice (Table 5). 

Of the 36 patients who developed postoperative intra- 
abdominal sepsis, 16 were treated by reoperation-ahd 14 
underwent percutaneous drainage of the septic focus. Two 
of the 14 patients (14.3%) who were initially managed by 
percutaneous drainage eventually died despite having a 
laparotomy for persistent sepsis. One of these two patients 
initially improved after percutaneous drainage of an in- 
fected collection of bile-stained fluid 14 days after ex- 
tended right hepatectomy and hepaticojejunostomy for 
cholangiocarcinoma, but required formal reoperation | 1 
days later. It was discovered that the hepaticojejunostomy 
had broken down and required refashioning. This patient 
ultimately died 33 days after hepatic resection due to per- 


TABLE 2. Resections Performed in 126 Patients in Whom 
Postoperative Survival was Greater than 24 Hours, and Percentage of 
Patients Who Developed Posthepatectomy Intra-abdominal Sepsis 


No. of 
Surgical Procedure Patients Infected % Infected 

Extended right hepatectomy 28 10 Baw 
Extended left hepatectomy 7 3 42.9 
Right hepatectomy 40 14 35.0 
Left hepatectomy 14 3 21.4 
Left lateral hepatectomy 9 0 

Segmental hepatectomy 28 6 21.4 
Total 126 36 28.6 
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TABLE 3. Variables Assessed for Association with Posthepatectomy 
Intra-abdominal Sepsis by Students’ t-test 





No. of Patients No. of Patients 





Variables Infected Not Infected 
Age (years) 39.2 + 2.7 44.6 + 1.7 
Preoperative stay (days) 9.8+ 1.2 7.8+0.8 
Postoperative stay (days) 41.2+2.6 16.9 + 1.8* 
Albumin (g/l) 31.42% 1,5 40.2 + 1.0* 
Prothrombin time (seconds) 9.9+0.7 13.4 + 0.5* 
Total bilirubin (umol/1) 109.4 + 21.7 43.1 + 14.2 
Aspartate aminotransferase (iu/1) 55.9 + 14.5 74.0 + 9.6 
Alkaline phosphatase (iu/1) 44.1 + 70.6 276.4 + 46.8 
Creatinine (mol/l) 70.3 + 5.2 JEES 
Urea (mmol/l) 3.96 + 0.45 5.28 + 0.29* 
Operative time (minutes) 240 + 21 262 + 14 
Operative transfusion (units) 12:7. 1.8 94+ 1.1 





*p < 0.05. 


sistent sepsis. The second patient who died after initial 
percutaneous drainage had persistent clinical sepsis after 
a right hepatectomy for polycystic disease of the liver. A 
percutaneous drain was inserted into a subphrenic fluid 
collection and drained pus, which grew a pure growth of 
Escherichia coli. Despite this, she remained septic; re- 
operation was performed, but a septic focus could not be 
found and she died soon afterwards. Postmortem exam- 
ination disclosed diffuse intrahepatic abscesses in the re- 
sidual cyst cavities. 

Generally, complications experienced with the percu- 
taneous drainage technique were few, and in four patients 
(28.6%), included the need to reposition the catheter or 
perform a repeat percutaneous puncture before complete 
resolution of the infection could occur. Three patients 
developed an empyema after percutaneous drainage of a 
subphrenic abscess, most probably due to transgression 
of the pleural space by the catheter with subsequent con- 
tamination. Two of these patients had complete resolution 
of the empyema by chest tube drainage alone. One patient 
required a minor rib resection before the infection re- 
solved. 

Of the 16 patients treated by reoperation, six ultimately 
died within 30 days. Reoperation was complicated in most 
cases by the presence of dense vascular adhesions increas- 
ing the complexity of the surgical procedure and making 


TABLE 4. Variables Significantly Associated with Posthepatectomy 
Intra-abdominal Sepsis by chi-square Analysis, p < 0.05 





Reoperation for hemorrhage* 
Cholangiocarcinoma* 

Trauma* 

Preoperative percutaneous biliary decompression 
Extensive hepatic resection (EHL + RH) 
Transfusion = 10 units 

Biliary reconstruction 





* Variables independently associated with sepsis after multivariable 
analysis. 
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TABLE 5. Initial Method of Drainage of Posthepatectomy 
Intra-abdominal Infection 








Percutaneous Operative Spontaneous 
Year Drainage Drainage Drainage 
1979 0 l 0 
1980 0 4 1 
1981 0 3 1 
1982 l Zz l 
1983 0 4 1 
1984 3 l 0 
1985 2 l 2 
1986 3 0 0 
1987 5 0 0 
Total 14 16 6 





hemostasis difficult to achieve. Two of the patients who 
were submitted to reoperation required a further operation 
to control hemorrhage after the drainage procedure, and 
both of these ultimately died. Another patient had recur- 
rent septic symptoms after operative drainage of an in- 
fected perihepatic fluid collection; a second fluid collection 
was identified and was treated on this occasion by per- 
cutaneous drainage, with no further recurrence. 

Spontaneous drainage of an infected intra-abdominal 
fluid collection occurred in six patients. Spontaneous 
drainage was usually manifested as discharge of purulent 
material through the wound or a drain track, with rapid 
resolution of systemic symptoms. One patient who had 
been repeatedly investigated for postoperative intra-ab- 
dominal sepsis suddenly drained a pelvic abscess per rec- 
tum with complete resolution of his pyrexia. 

Detailed aerobic and anaerobic culture of the drainage 
fluids disclosed the presence of multiple strains of bacteria 
in 18 of the 36 patients with posthepatectomy intra-ab- 
dominal sepsis. The most frequent pathogens isolated were 
Streptococcus faecalis (Enterococcus), E.coli, Staphylo- 
coccus epidermidis, and Staphylococcus aureus (Table 6). 
In four of six patients with positive preoperative bile cul- 
tures obtained at the time of percutaneous biliary de- 
compression, the postoperative intra-abdominal infection 
included the same bacteria. 

In six other patients, clinical signs and symptoms 
strongly suggestive of a post-operative intra-abdominal 


TABLE 6. Bacterial Isolates from Posthepatectomy 
Intra-abdominal Infections 





Streptococcus faecalis 14 
Escherichia coli . 11 
Staphylococcus epidermidis 10 
Staphylococcus aureus 9 
Pseudomonas sp. 7 
Klebsiella sp. 5 
Other 9 
Total 64 
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infection developed and were found to have perihepatic 
fluid collections by imaging. One patient underwent re- 
operation and five patients had percutaneous drainage, 
with resolution of the symptoms occurring in all, but no 
bacteria were isolated after culture of the fluid. These pa- 
tients had invariably been on broad spectrum antibiotics 
at the time of percutaneous drainage but had persistent 
symptoms of sepsis that had been attributed to the fluid 
collection. 


Discussion 


Our data suggest that posthepatectomy intra-abdominal 
sepsis is a common clinical problem that can be effectively 
managed by percutaneous drainage in most cases. Of 126 
cases in which postoperative survival was greater than 24 
hours, the infection rate was 28.6%, higher than in the 
series reported by Fortner' (20.4%), Thompson? (16.7%), 
or Iwatsuki et al.° (8%). This difference may possibly be 
due to a different patient population, particularly as our 
stepwise discriminant analysis suggests postoperative in- 
tra-abdominal infection to be significantly associated with 
a diagnosis of cholangiocarcinoma or trauma. Twenty- 
seven of our cases (20.8%) of hepatic resection were for a 
diagnosis of cholangiocarcinoma, and 22 for trauma 
(16.9%), which is a considerably different population from 
that of other previous reports. Although Iwatsuki° includes 
trauma in his series, he reports only three cases (1.2%), 
and none of the reported series have more than 6.5% of 
the resections performed for cholangion carcinoma.’ 
When these two high-risk groups are removed from our 
series, the incidence of postoperative intra-abdominal in- 
fection is 15% (twelve of 80 patients), which is similar to 
that reported by other authors, including the Eastern series 
reported by Yanaga,° where the infection rate was 12.8%. 

Several investigators have suggested that the large re- 
sidual cavity remaining after extensive resection and the 
presence of an ischemic margin of liver tissue at the re- 
section line creates a predisposition to the development 
of infection.'* Experimental work suggests that the pres- 
ence of blood or bile in the peritoneal cavity may impair 
the normal host defense mechanisms,*” and that hyper- 
bilirubinemia may cause some impairment of lymphocyte 
function.'° In this respect, the finding that patients with 
cholangiocarcinoma are at an increased risk for postop- 
erative intra-abdominal sepsis may be related to prolonged 
preoperative hyperbilirubinemia, extensive hepatic resec- 
tion with a large transfusion requirement, and the hazard 
of a biliary-enteric anastomosis frequently performed in 
the presence of infected bile. In patients subjected to pre- 
operative percutaneous biliary decompression, bacterial 
colonization of the bile may offset any gains from a low- 
ered serum bilirubin level.'':'* Patients with hepatic 
trauma may be at increased risk for postoperative sepsis 
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because of the presence of extensive tissue devitalization 
from the injury, with associated hypotension and the need 
for multiple transfusions and, frequently, injury to other 
organs.'* In our series, 78.9% of trauma patients (15 of 
19 patients) had had a prior laparotomy and attempted 
control of hemorrhage, often with insertion of abdominal 
packs, before transfer to this unit for management. The 
need for multiple operations and the possibility that sepsis 
was present before the hepatic resection are partially re- 
sponsible for this increased infection rate. 

Patients requiring a second operation for control of 
hemorrhage during the early posthepatectomy period were 
also at increased risk of postoperative sepsis. These pa- 
tients had often had an extensive hepatic resection, with 
a postoperative coagulopathy contributing to the bleeding 
problem. Continued oozing after the second operation 
may have contributed to the development of a perihepatic 
abscess. 

In the posthepatectomy patient, the diagnosis of intra- 
abdominal sepsis is frequently difficult to make. It is usu- 
ally considered in cases where there is persistent postop- 
erative pyrexia or unexplained deterioration in the clinical 
condition, including hepatic failure.*'* When faced with 
a patient with possible posthepatectomy intra-abdominal 
sepsis, we generally use ultrasonography as the first 
method to examine for evidence of a potentially septic 
focus in the abdomen. If the scan is negative and there is 
persistent suspicion of sepsis, we then obtain a CT scan, 
as this may provide a better assessment of the perihepatic 
space. If a fluid collection is identified by either imaging 
technique, we then proceed to percutaneous drainage. In 
the cases managed in this manner, 89.5% recovered (17 
of 19 patients), and in 73.4% (14 of 19 patients) the fluid 
proved to be infected on culture. The prompt clinical im- 
provement that occurred in those patients who had a ster- 
ile culture suggests that the source of the symptoms lay 
in the fluid collection. The symptoms may be explained 
by the presence of tissue breakdown products that cause 
a pyrogenic reaction,° or, although the fluid may indeed 
have been infected, but high circulating levels of anti- 
biotics resulted in a spurious result. 

Reoperation for intra-abdominal sepsis is a technically 
demanding procedure that was often poorly tolerated by 
already debilitated patients. Although not statistically sig- 
nificant, the worse survival rate in the reoperation group 
(62.5%) as compared to the percutaneous drainage group 
(85.7%) suggests that, where appropriate, one should ini- 
tially attempt percutaneous intervention for all posthe- 
patectomy intra-abdominal abscesses; this is in concor- 
dance with the views of others ’*:'°. Presently, we consider 
laparotomy for posthepatectomy intra-abdominal sepsis 
only if there are signs of significant spreading peritonitis 
or if there is some other additional indication for reop- 
eration. 
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Antibiotic Prophylaxis in Acute Nonperforated 


Appendicitis 


The Danish Multicenter Study Group 111 





TORBEN BAUER, M.D.," BO VENNITS, M.D.,¢ BIRGER HOLM, M.D., JAN HAHN-PEDERSEN, M.D.,§ 
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FLEMMING WILHELMSEN, M.D.,§ HENNING SKJOLDBORG, M.D., PH.D.,t¢ STIG MALMFRED, M.D.,++ 


. Ina prospective, block-randomized, multicenter study, the safety 
and efficacy of cefoxitin in preoperative prophylaxis were studied. 
1735 patients undergoing appendectomy were evaluable, and half 
of these patients received 2 g of cefoxitin before undergoing op- 
eration. The patients were divided into three groups: patients 
with a normal appendix, patients with an acutely inflamed ap- 
pendix, and patients with a gangrenous appendix. The study 
showed for each group a significant reduction of the incidence 
of wound infection in patients receiving prophylaxis. However, 
intra-abdominal abscess formation was not influenced by pre- 
operative antibiotic prophylaxis. Consequently, routine preop- 
erative prophylaxis is recommended before appendectomy. 


ITHOUT ANY pre- or perioperative antibiotic 
prophylaxis, wound infection rates in patients 
undergoing appendectomy are 10% or more 
when appendix is normal, increasing to 30% when ap- 
pendix is phlegmonous or gangrenous.’ As a result of 
these findings, several studies with various antibiotic reg- 
imens have been published within the last decade.” In 
the studies, metronidazole has been used alone or in com- 
bination with penicillins or cefalosporins. Two drugs or 
more are used, because bacteriologic examination of both 
the inflamed appendix and pus from the subsequent 
wound infection after appendectomy often are a mixture 
of both anaerobic and aerobic organisms (i.e., Bacteroides 
fragilis and Escherichia coli). 
Cefoxitin is a semisynthetic cephamycin antibiotic that 
is highly resistant to degradation by the beta-lactamase 
enzymes produced by bacteria. It is active against all the 
-clinically important Gram-negative facultative bacteria 
except pseudomonas and many Enterobacter species, as 
well as clinically important anaerobic organisms, such as 
B. fragilis. Previously we have shown that cefoxitin is at 
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From the Danish Multicenter Study Group ill: the 
Departments of Surgery at the General Hospital of Roenne,* 
the General Hospital of Naestved,t the General Hospital of 
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Hospital of Helsingoer,x the Department of Surgical 
Gastroenterology A at the General Hospital of Aalborg,’ the 
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the University Clinic of Aarhus, tf and the Departments of 
Surgery at the General Hospital of Holbaek,t} the General 
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least as effective as ampicillin combined metronidazole 
in preventing wound infection and intra-abdominal ab- 
scess formation after surgery for perforated appendicitis.‘ 
Thus it seems reasonable to assume that cefoxitin admin- 
istered before operation should cover the possible infective 
organisms and provide suitable prophylaxis against wound 
infection and intra-abdominal abscess formation after 
appendectomy, as well as in nonperforated cases of ap- 
pendicitis. 

The purpose of the present investigation was to examine 
the efficiency and safety of a single preoperative cefoxitin 
dose in patients undergoing appendectomy for acute 
nonperforated appendicitis. 


Methods 


Between May 1984 and March 1986, 2387 consecutive 
patients were admitted to surgery with a clinical diagnosis 
of acute appendicitis and entered a block-randomized 
multicenter study. Eleven surgical centers participated. 

Before the operation, the following patients were ex- 
cluded from the studyd: 1) patients with known allergy 
to cefoxitin or cefalosporins, 2) those moribund, coma- 
tose, with impaired renal function or in shock, 3) those 
who had taken antibiotics within 3 days before surgery, 
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TABLE 1. Patients Excluded from Final Analysis 


No. of Patients 


Reasons for Exclusion Cefoxitin Prophylaxis Control 
Perforated appendix 209 200 
Appendiceal abscess 7 9 
Nonperforated Appendix 

Received antibiotics due to 
other diseases 52 49 
Violation of protocol 62 64 


Deaths 3 H 


4) lactating and pregnant women, and 5) children younger 
than 3 months of age. 

Patients were randomly allocated to receive 2 g of ce- 
foxitin (40 mg/kg for those younger than 16 years of age) 
intravenously for 20-30 minutes during the period of 3- 
5 minutes before surgery, or to be administered nothing 
before operation. When the appendix was found to be 
perforated or ruptured during removal, the patient was 
excluded from the study. 

Appendectomy was performed according to routine 
procedures, normally by younger staff members. Only ab- 
sorbable sutures were used, except for the skin, where 
unabsorbable suture was used. Delayed primary suture 
and peritoneal or subcutaneous drainage were not allowed. 
The patients were observed for signs and symptoms of 
wound infections and intra-abdominal abscess. 

Wound infection was defined as the discharge of pus 
from the wound, occurring spontaneously or after inci- 
sion. | | 

An intra-abdominal abscess was diagnosed either by 
rectal examination, by ultrasonography, or when at least 
two of the following three characteristics were present: 1) 
continuous pyrexia without any other focus, after oper- 
ation, 2) palpable mass in the abdomen, or 3) discharge 
of pus per rectum. 

Peak temperature was recorded daily throughout the 
course of hospitalization. At discharge from hospital, the 
wound was inspected and a rectal examination was done. 
This procedure was repeated in the outpatient clinic 4 
weeks after surgery. In the case of complications occurring 
during the time between discharge from hospital and the 
‘follow-up, patients were instructed to contact the hospital. 
Patients were also observed for adverse reactions to ce- 
foxitin. 

Age, sex, weight, duration of symptoms before admis- 
sion, preoperative temperature, duration of surgery, time 
of hospitalization, and histologic diagnosis were recorded. 


Statistical Tests and Methods of Analysis 


The method used for statistical analysis was divided 
into the following three distinct, logical steps. 
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Outcome of allocation: Did the block-randomization 
yield the expected results? Ordinary nonparametic 
tests, Pearson’s chi-square and Goodman-Kruskall’s 
gammia-test, were used in order to make certain that there 
were no systematic differences between the two treatment 
groups, the two treatment groups given the three degrees 
o? appendiceal inflammation, and between patients in- 
cluded and excluded from the study. 

Explorative methods of analysis used to isolate possible 
risk factors. In order to isolate possible risk factors and 
their interaction, a large number of two- and three-di- 
mensional tables were analyzed by ordinary nonparametic 
tests, Pearson’s chi-square and Goodman-Kruskall’s 
gamma-test. 

Logistic regression analysis. Multiple logistic regres- 
sion analysis was performed in order to identify factors 
in the study population significantly associated with 
wound infection and intra-abdominal abscess formation. 
A logistic regression model was built by using clinically 
interesting variables plus the variables found under Step 
2. In order to keep the model simple, no combination- 
variables were included. 

The statistic analyses were performed by statistical 
consultant, Erik Henriksen, of the Department.of Data 
Processing and Statistics, Copenhagen County Hospitals, 
Herlev Hospital, University of Copenhagen. 


Results 


Because before surgery, one cannot expel those patients 
with a perforated appendix, a total of 2387 patients were 
enrolled in the study. Four hundred and nine patients 
(17%) were found to have perforation and were therefore 
excluded. In twelve cases, an appendiceal abscess was 
found. Of the remaining 1966 patients, 55 were excluded 
because they had been receiving postoperative antibiotics 
for other diseases (e.g., salpingitis, cholecystitis). Forty- 
six patients had pneumonia or cystitis during the post- 
operative period before any signs of wound infection or 
intra-abdominal abscess were present. Violation of pro- 
tocol——that is, randomization not performed (41 cases), 
preoperative dose not administered (20 cases), improper 
dose administered (23 cases), follow-up not possible (30 
cases), appendectomy not performed (7 cases), or topical 
application of antibiotic (6 cases)—-accounted for 126 ex- 
clusions (Table 1). Of those patients having nonperforated 
appendicitis, four died before follow-up. The deaths were 
not related to the administration of cefoxitin (Table 2). 

According to the surgeons’ asséssment of the degree of 
appendiceal inflammation, patients were divided into 
three groups: normal, acute-inflamed, or gangrenous. The 
percentage of patients of each of these three groups who 
‘were excluded is shown in Table 3. 

Eleven surgical departments participated, ranging from 
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TABLE 2. Number and Causes of Death 


No. of Appendiceal 
Deaths Cefoxitin Inflammation Reason for Death 
1 — Normal Aortic aneurysm 
2 + Not stated Liver cancer 
3 + Normal Thrombosis of mesenteric 
artery 
4 + Normal Thrombosis of mesenteric 
, artery 





small county hospitals to university clinics, and more than 
200 doctors from registrars to chief surgeons performed 
the. appendectomies, Regarding wound infections, intra- 
abdominal abscess formation, duration of surgery, and 
the inclusion of patients into the study and exclusion from 
final analysis, no differences could be found between the 
participating hospitals. 

No significant differences could be found between the 
patients who received cefoxitin and the control patients 
with regard to age, sex, weight, duration of symptoms 
before admission, preoperative temperature, duration of 
surgery, hospital stay, and conccmitant diseases both 
overall and within each of the three groups of appendiceal 
inflammation (Table 4). 

Regarding those patients with gangrenous appendix, a 
significant difference was found between the actual num- 
ber of those who received cefoxitin and the number of 
control patients. One hundred and nine patients entered 
the cefoxitin group as opposed to 72 in the control group. 
One possible explanation could be withdrawal of the pa- 
tient by the surgeon at the time of surgery because the 
patient did not receive any antibiotics. However, the per- 
centage of patients withdrawn from each of the two groups 
is similar (Table 2). Another explanation could be perop- 
erative allocation of the patient into the perforated ap- 
pendicitis group. However, this, too, does not seem to be 
the case. There were nine more patients in the cefoxitin 
group than in the control group of perforated appendicitis 
(Table 1). Therefore, we have to conclude that this dif- 
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TABLE 3. Patients Excluded in Relation to the 
Degree of Appendicitis 
State of Appendix Cefoxitin Prophylaxis Control 
Normal 21% 21% 
Acute 6% 4% 
Gangrenous 14% 16% 


ference between the number of control patients and those 
who received cefoxitin is a result of the randomization. 
Of the remaining 1735 patients, 845 (49%) received 
preoperative cefoxitin and 890 (51%) received no pro- 
phylaxis. There were 893 men (51%) and 842 women 
(49%), with a median age of 23 years (range of 2-91 years). 
We found 95 wound infections (5.5%), 74 in the control 
group (78%) and 21 (22%) in the cefoxitin group (p 
< 0.001). Seven patients developed both wound infection 
and an intra-abdominal abscess. We found 21 patients 
with intra-abdominal abscess formation (1.2%), 13 (62%) 
in the control group and eight (38%) in the cefoxitin group 
(p > 0.3). The distribution of wound infection and intra- 
abdominal abscess formation is shown in Tables 5 and 6. 
The mean hospital stay of patients without infections 
was similar in both groups (3.3 days). In the case of wound 
infection, hospitalization was extended to 6.9 days in the 
control group and to 7.8 days in the cefoxitin group (p 
= 0.2). 
Only 41 wound infections occurred during hospitaliza- 
tion, whereas 54 wound infections were observed from 
the time of discharge to follow-up 4 weeks after, surgery. 


Discussion 


We found that the overall wound infection rate after 
appendectomy in nonperforated cases of appendicitis can 
be reduced from 8.3% in an untreated control group to 
2.5% with a single preoperative cefoxitin dose. However, 
regarding intra-abdominal abscess formation, no signifi- 
cant difference was found between the groups. 


TABLE 4. Patient Population Summary 


State of Appendix Normal 
Cefoxitin Prophylaxis + ~ 

No. of patients 266 292 
Men/women 97/169 
Mean age (years) 22.6 21.5 
Age range (years) 3-91 3-83 
Mean weight 56.4 54.3 
Kilogram range 7-100 16-97 
Concomitant disease* (No. of patients) 36 39 
Duration of symptoms before 

adrnission (hours) 3753 37.9 
Duration of surgery (minutes) 44,2 44,5 


* Heart, lung, malignancy, diabetes, and other chronic diseases. 


110/182 


Acute Appendicitis Gangrenous 
+ — + ~ 
470 526 109 72 
261/209 311/215 67/42 47/25 
2r? 23.3 30.9 30.7 
3-84 4-79 2-81 6-79 
57.1 59.3 59.6 63.2 
12-132 15-103 12-112 30-105 
47 50 16 13 
24.8 27.7 28.3 
40.4 40.2 41.0 
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TABLE 5. Wound Infection After Appendectomy 
Cefoxitin Prophylaxis Control 
No. of Wound No. of Wound 
State of Appendix Infections/Patients Infections/Patients 
Normal 
(p < 0.007) 3/266 (1.1%) 15/292 (5.1%) 
Acute 
(p < 0.0001) 9/470 (1.9%) 37/526 (7.0%) 
Gangrenous 
(p < 0.0001) 9/109 (8.3%) 22/72 (30.6%) 
Total 
(p < 0.0001) 21/845 (2.5%) 74/890 (8.3%) 


(X? Pearson chi-Square) 


In our study, we eliminated factors known to affect the 
incidence of wound infection, such as topical application 
of antibiotics, abdominal or wound drains, and the inclu- 
sion of patients with perforated or ruptured appendicitis. 
Although some surgeons and some studies classify gan- 
grenous appendicitis together with perforated appendicitis, 
patients with a gangrenous appendicitis were included in 
our study, provided that there was no evidence of perfo- 
ration or rupture during removal. 

The findings that demonstrated that more than half of 


the wound infections were detected after discharge from. 


the hospital strongly indicate the need for follow-up in 
studies such as the present one. 

A wound infection rate of 2.5%, such as that of our 
study, is lower than that found in other studies using ce- 
fotaxime, ticarcillin, Augmentin, cefoperazone, moxal- 
actam, and metronidazole alone or in combination.®!°!6 
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TABLE 6. Intra-abdominal Abscess Formation After Appendectomy 


Cefoxitin 
Prophylaxis Control 
No. of No. of 
State of Appendix Abscesses/Patients Abscesses/Patients 
Normal 
(NS) 2/266 (0.8%) 3/292 (1.0%) 
Acute 
(NS) 6/470 (1.3%) 9/526 (1.7%) 
Gangrenous 
(NS) 1/109 (0.9%) 2/72 (2.8%) 
Total 
(NS) 9/845 (1.0%) 14/890 (1.6%) 


The reduction in the wound infection rate that occurs 
with a single cefoxitin dose in the case of a gangrenous 
appendix of 30.6% to 8.3% is an important result of our 
study. In Table 7, this study is listed with other recent 
studies., In almost all of these studies, antibiotics were 
continued for 1, 3, or 5 days when appendix was gan- 
grenous. Despite this extension of the antibiotic treatment, 
wound infection rates are higher, as found in this study. 
Only in the case of 3 days’ augmentin treatment was a 
similar result reported.'° 

Although one cannot strictly compare the results from 


‘these studies and the present study, we conclude that the 


present study establishes the value of a preoperative single 
dose antibiotic against both anaerobic and aerobic organ- 
isms in reducing the incidence of wound infection to a 
minimum after appendectomy in nonperforated cases. 
Single dose cefoxitin given before operation seems to be 


TABLE 7. Wound Infection Rates (%) After Appendectomy, Related to Appendix Pathology* 


State of Appendix 
Overall 
Author and Antibiotics Used No. of Patients Normal (%) Acute (%) Gangrenous (%) Infection Rate (%) 

Lau et al. 1983° , 

Metronidazole (500 mg I.V.) 242 0 21 44 22.9 

Cefotaxime (1 g i.v.) 0 19 8.6 

Metronidazole + Cefotaxime 10 6 18 9.0 
Ambrose et al. 1982° ' 

Metronidazole (500 mg I.V.) 5 4 13+ 5.6 

Ticarcillin (5 g I.V.) 170 0 2 I7} 3.7 
Drum et al. 1982!° | 

Metronidazole (500 mg I.V.) 14 14 19} 14.8 

Augmentin (1.2 g LV.) 208 4 10 8t 8.0 
Lau et al. 1985!° 

Cefotaxime (1 g LV.) 683 0 3 19§ 3.9 

Cefoperazone (1 g LV.) 0 2 208 3.2 

Moxalactam (1 g LV.) 0 4 11§ 3.9 
Danish Multicenter Study 

Group 111 845 
Cefoxitin (2 g L.V.) | I 2 8 2.5 


* Only studies in which prophylactic antibiotics were given before 
surgery are included. 
+ Antibiotics continued for 24 hours (3 doses). 


ł Antibiotics continued for 3 days. 
3 Antibiotics continued for 5 days. 
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sufficient and not inferior to postoperative antibiotic 
treatment in preventing wound infection after appendec- 
tomy for gangrenous appendicitis. 


Cefoxitin is well-tolerated, and no side effects were seen 


in our 845 patients. We recommend a dose of 2 g cefoxitin 
before appendectomy. 
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The Effects of T umor Necrosis Factor and Their 
Selective Inhibition By Ibuprofen 





D. ANDREW EVANS, M.B., F.R.C.S.(ENG}), DANNY O. JACOBS, M.D., ARTHUR REVHAUG, M.D., 


and DOUGLAS W. WILMORE, M.D. 


High doses of tumor necrosis factor (TNE) cause hypotension, 
metabolic acidosis and, death. At Brigham and Women’s Hos- 
pital, the effects of a sublethal, 6-hour infusion of TNF (0.57 
X 10° Units/kg body weight) in twelve anesthetized dogs were 
studied. This dose caused falls in mean arterial pressure from 
153 mmHg to 96 mmHg, pulmonary artery pressure (—4.5 
mmHg), central venous pressure (—2.5 mmHg) and pulmonary 
capillary wedge pressures (—5.25 mmHg). Associated with these 


responses were a fourfold increase in urine volume (22.4 ml/kg/ 


6 hours as compared to 5.2 ml/kg/6 hours in controls), significant 
pyrexia (from 38.1 C to 39.5 C, rectal), tachycardia (from 125 
to 175 beats/minute), and hypermetabolism. In addition, leu- 
kopenia and increased circulating stress hormone concentrations 
were observed. Blood glucose concentrations fell from 4.68 mM/ 
1 to 3.97 mM/1 (84-71 mg/dl) within 3 hours of TNF infusion, 
whereas lactate and pyruvate concentrations increased. These 
alterations occurred in the absence of severe hypotension or aci- 
dosis and were similar to changes observed after endotoxin ad- 
ministration or gram-negative septicemia. Pretreatment of the 
animals with the cyclooxygenase inhibitor ibuprofen abolished 
most of the hemodynamic changes and attenuated other re- 
sponses. These findings support the hypothesis that TNF is an 
important mediator of septic responses and that some of the 
effects of TNF are mediated via cyclooxygenase pathways. 


TORY effects of gram-negative sepsis are well-de- 

scribed.’ The changes observed are believed to 
result from the elaboration and release of mediators by 
host cells, rather than from stimulation by invading or- 
ganisms or their toxins. One mediator that initiates many 
of these events is the cytokine, tumor necrosis factor/ 
cachectin (TNF). This polypeptide molecule is produced 
and secreted by macrophages on exposure to an appro- 
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changes,’ 


From the Laboratory for Surgical Metabolism and Nutrition, 
Department of Surgery, Harvard Medical School, Brigham 
and Women’s Hospital, Boston, Massachusetts 


priate stimulus such as endotoxin. The potential impor- 


tance of TNF in the metabolic response to endotoxin 


challenge is supported by the fact that 1) C3H/HeJ mice, 
which have a genetically determined inability to produce . 
TNF, are resistant to the effects of endotoxin,‘ 2) endo- . 
toxin administration increases plasma TNF concentra- 
tions in humans, and the rise in TNF is temporally as- 
sociated with a variety of physiologic and metabolic 
3) TNF administration in humans induces 
changes similar to those after endotoxin infusion,” 4) pre- 
treatment of endotoxin-sensitive mice with a highly spe- 
cific rabbit polyclonal antibody. directed against mouse 
TMF protects against the lethal effects of endotoxin,° and 
5) pretreatment of baboons with monoclonal antibody to 
TNE prevents death after lethal doses of live Escherichia 
coli.’ | 
The infusion of high ägs of TNF into dogs? and rats? 
induces changes similar to those caused by high-dose en- 
dotoxin administration or severe gram-negative septi- 
cenia and results in profound hypotension, metabolic 
acidosis, and death. The purpose of the. present investi- 
gation was to examine the physiologic responses to sub- 
lethal doses of TNF and to evaluate the modification of 
these responses by administration of the cyclooxygenase 
inhibitor ibuprofen. 


Methods and Materials 


Male and female dogs, weighing 22-30 kg, were ob- 
tained at least 1 week before the study. None of the females 
were pregnant. All received a daily food ration of 50 g/ 


kg of Agway®™ Canine 2000 each morning (Agway Inc., 


Syracuse, NY), and all were housed in accordance with — 
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the guidelines of the Committee on Animal Care of the 
Harvard Medical School and Guidelines for the Care and 
Use of Laboratory Animals of the Institute for Laboratory 
Animal Resources, the National Research Council 
(DHEW publication number No. 85-23, revised 1985). 
Only those dogs that appeared healthy, were afebrile, eat- 
ing normally, and maintaining their weight were studied. 
After an overnight fast of 13 hours, the dogs were anes- 
thetized with pentobarbital (30 mg/kg, Abbott Labora- 
tories, Chicago, IL). An endotracheal tube was placed and 
the animals were allowed to breathe oxygen-enriched 
room-air. Supplementary doses of pentobarbital were ad- 
ministered as required in amounts sufficient for main- 
taining light general anesthesia. The bladder was cathe- 
terized, and a temperature probe was placed in the rectum 
(Yellow Springs Instruments Co., Inc., Yellow Springs, 
OH). The surgical area in the neck and groin was shaved 
and cleansed with povidone-iodine (Sherwood Pharma- 
ceutical Co., Mahwah, NJ). Using the aseptic technique, 
a silastic cannula (with an internal diameter of 1.02 mm 
and an external diameter of 2.16 mm) was inserted into 
the common carotid artery for arterial sampling and pres- 
sure monitoring. A second cannula was placed in the jug- 
ular vein for infusion of saline or TNF. In selected animals, 
a third cannula was advanced to the right heart to sample 
mixed venous blood (n = 10); in the remaining animals 
(n = 14) a Swan-Ganz™ catheter (American Edwards 
Laboratories, Anasco, Puerto Rico) was inserted. Ap- 
proximately 45 minutes after induction of anesthesia, an 
infusion of 0.9% saline was begun through the jugular 
venous infusion catheter. This time point was designated 
as T = —2 hours. In twelve animals, additional cannulae 
were then placed in the femoral artery and vein of both 
groins to measure hind-limb blood flow and substrate flux. 
These cannulae were inserted via the profunda vessels 
and positioned with their tips lying just within the central 
lumen. Arterial and venous branches that did not serve 
the hind-limb were ligated in continuity. The surgical 
preparation of the groins was completed within approx- 
imately 1 hour. 

Before the infusion of TNF or control solution was 
begun (at T = 0), the lower abdomen was gently com- 
pressed to empty the bladder. Thereafter, all urine was 
collected over the course of the 6-hour study period. Hu- 
man recombinant TNF was administered intravenously 
to experimental animals at a dose of 0.57 X 10° Units/ 
kg body weight. (Asahi Chemical Company America, New 
York, NY, Lot numbers L145211-2,. L115411-4, 
L315Z22-3). The cytokine was mixed in 154 ml of 0.9% 
saline and gelatin carrier and infused at a constant rate 
(0:362 ml/min) over 6 hours. Control animals received 
an equal volume of 0.9% saline. The total amount of saline 
administered to each animal was 4 ml/kg/hour. 
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Measurements 


Mean arterial pressure and heart rate were monitored 
using a standard mercury manometer zeroed to the level 
of the midaxillary line. Pulmonary and central venous 
pressures were measured via the Swan-Ganz catheter. The 
central venous and pulmonary catheters were connected 
to separate pressure transducers, each of which had been 
previously calibrated and zeroed to the same height as 
the mercury manometer. The transducers (Medex Inc., 
Hilliard, OH) were connected to two channels of a re- 
corder (Honeywell AR-6 Simultrace Recorder, Honey- 
well, Pleasantville, NY). The endotracheal tube was at- 
tached to a 13.5 Liter Respirometer (Warren E. Collins, 
Braintree, MA) at 0.5—l-hour intervals to measure 
minute ventilation and oxygen consumption. Cardiac 
output was determined using the Fick method.!° 

In twelve animals, blood flow was measured in both 
hind-limbs at T = 0, and 3 and 6 hours, using a dye 
dilution technique as previously described.'' At each time 
point, three sets of blood samples were drawn simulta- 
neously from the carotid artery and both femoral veins 
into heparinized syringes at a rate that did not exceed 1 
mil/10 seconds. 


Cyclooxygenase Inhibition 


Additional dogs (n = 13) were studied after pretreat- 
ment with ibuprofen (Upjohn Company, Kalamazoo, 
MI); five dogs received ibuprofen alone (ibuprofen Con- 
trols, CON + IBP), and eight received ibuprofen „with 
TNE (TNF + IBP). The study protocol for these animals 
was the same as described previously,’* except that 
12.5 mg/kg of ibuprofen was administered intravenously 


_ 40 minutes before T = 0 and 3 hours later. This dosage 


schedule results in blood levels of ibuprofen that exceed 
the therapeutic range in anesthetized dogs.’” 


Sampling and Processing 


The total sampling volume was 250 ml in all groups. 
Standard clinical laboratory techniques were used to 
measure hematologic indices and partial pressures of 
blood gases. The partial pressure of oxygen was converted 
to per cent saturation using the Severinghaus slide rule 
calibrated for the dog (Radiometer, Copenhagen, Den- 
mark). Blood pH was corrected for the temperature of 
the animal at the time of sampling. Whole blood lactate, 
pyruvate and glucose concentrations, and serum triglyc- 
erides were determined using standard enzymatic meth- 
ods. Serum free fatty acids were assayed by the method 
of Dole and Meinertz.'? Serum insulin, '* glucagon, !° cor- 
tisol and corticotropin (ACTH) concentrations? were 
determined by radioimmunoassay. Plasma catechol- 
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amines were determined by a simultaneous single isotope 
radioenzymatic assay.'!° Whole blood para-amino hipur- 
rate (PAH) was measured spectrophotometrically. Urine 
sodium was determined by emission flame photometry, 
and urine glucose was measured using a Beckman Glucose 
Analyzer (Beckman Inst., Brea, CA). 


Calculations and Statistical Analyses 


Hind-limb blood flow was calculated as previously de- 
scribed.'' The three flow measurements at each time point 
were averaged for each leg, and the values for the two 
limbs were averaged to give mean single limb flow. Sys- 
temic vascular resistance (SVR) was calculated as: 


_ systolic pressure — central venous pressure 


SVR 
cardiac index 


Hind-leg resistance was calculated as: 
Resistance 


_ systolic pressure — central venous pressure 
single limb flow 


These values were corrected for changes in hematocrit 
according to the method of Daugirdas et al. 

Analysis of variance (ANOVA) was used to analyze the 
response to TNF infusion and ibuprofen administration 
with repeated measurements of each experimental indice 
over time. For those indices not subject to repeated mea- 
surement, the data were analyzed by factorial ANOVA. 
Post hoc comparisons were performed using the Scheffe 
. F test. Probability values less than 0.05 were considered 
significant. 


Results 
General Observations in Anesthetized Animals 


The four groups of animals (CONTROL, TNF, CON 
+ IBP, and TNF + IBP) did not differ with respect to 
weight or total dose of anesthetic required (Table 1). There 
were no intraoperative complications, and blood loss was 
minimal during the surgical procedures. 

Approximately half of the animals were allowed to re- 
cover, and the other half underwent a complete autopsy. 
Of the dogs that were allowed to recover, six of six controls 
and five of six dogs of the TNF group survived. The single 
nonsurvivor appeared to be ill during the week after the 
study. An ileocecal intussusception was found in this an- 
imal when a laparotomy was performed on the seventh 
postoperative day. All ibuprofen control animals survived; 
however, three of eight dogs that received ibuprofen and 
TNF died (NS different than controls, Fisher’s exact test). 
One of these three dogs had a mid-ileal intussusception, 
and the other two died on poststudy Day 1 with severe 
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TABLE 1. Group Characteristics 


Weight Anesthetic 

Range Num- Male/ Total dose 

Group (kg) ber Female in mg/kg 

CON 24 (22-27) 12 3/9 49.8 + 3.2 
TNF 25 (22-28) 12 5/7 46.8 + 2.1 

CON + IBP 26 (23-30) 5 2/3 41.9 + 2.7 

TNF + IBP 46.8 + 2.1 


24 (22-30) 8 1/7 


CON = control. 
IBP = ibuprofen, 


gastrointestinal (G.I.) injury characterized by mucosal 
sloughing and hemorrhage. 


Circulatory Responses 


In the control animals, the mean systemic, central ve- 
nòus, and mean pulmonary artery and wedge pressures 
did not change significantly over the 6-hour study period. 
These pressures fell in animals treated with TNF (p 
< 0.01), and the effect of TNF administration was blocked 
by ibuprofen treatment (Fig. 1). Cardiac index decreased 
in animals of the control and TNF groups to similar levels 
over time (Fig. 2). SVR increased over time in all groups 
(Table 2), although this effect was less pronounced with 
the infusion of TNF. l 

Throughout the study, dogs that were treated with ibu- 
pzofen had lower cardiac indices than animals that did 
not receive the drug. Ibuprofen pretreatment was also as- 
sociated with an increase in SVR, but the arterial and 
central venous pressures of these animals could not be 


_ distinguished from those of normal controls. It is likely 


that the increased resistance and decreased cardiac index 
seen in ibuprofen-treated animals were related. Heart rate 
did not change in animals that received saline or ibupro- 
fen, but rose in animals that received TNF. The tachy- 
cardia was less pronounced in animals that received TNF 
and ibuprofen (Fig. 2). 

Hind-limb blood flow decreased in animals given TNF 
a3 compared to controls (Table 2). Initial blood flow in 
control animals was 198 + 24 ml/min/m? and 164 + 20 
mi/min/m* at 6 hours. By contrast, hind-limb flow fell 
from 173 + 22 to 96 + 17 ml/min/m? by 6 hours in 
animals given TNF (p < 0.02, animals of the TNF group 
vs. controls). When limb flow was expressed as a per- 
cantage of cardiac index, there was no difference over time 
between these two groups. Hind-limb resistance paralleled 
changes in systemic resistance, rising in both controls and 
TNF-treated animals (Table 2). 


Fectal Temperature 


Rectal temperature rose in saline controls and TNF- 
treated animals, the rise being significantly greater in the 
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latter group (p < 0,001). Ibuprofen treatment blunted this 
response (Fig. 3). 


Respiratory Changes 


Minute ventilation and oxygen consumption did not 
change significantly in controls. By contrast, dogs that 
received TNF showed a large and progressive increase in 
minute ventilation (p < 0.001) and a smaller, 13% increase 
in oxygen consumption (p < 0.01) over the course of the 
study period (Fig. 3). Both effects of TNF infusion were 
attenuated by treatment with ibuprofen. Although leg ox- 
ygen consumption tended to increase with time in both 
saline controls and animals given TNF, there was no dif- 
ference between the groups (Fig. 2). 


Blood Gases and Hematology 


With time, the base excess and arterial pCO), fell in 
both the controls and the animals of the TNF group, al- 
though arterial pH did not change significantly (Table 3). 
The fall in arterial pCO, and base excess was significantly 
greater in animals administered TNF, but only the former 
was attenuated by ibuprofen. 

The hematocrit gradually increased with time. This ef- 
fect was accentuated in animals that received TNF (p 
< 0.001) or ibuprofen (p < 0.001). In controls, the leu- 
kocyte count increased from 8.6 + 0.9 to 15.2 + 1.1, (p 
< 0.05), but decreased in animals treated with TNF (10.8 
+ 0.8 to 6.4 + 0.9, p < 0.05). These responses were not 
affected by ibuprofen pretreatment (Table 3). 


Hormonal Responses and Substrates 


ACTH, cortisol and glucagon concentrations remained 
stable in control animals (Figs. 4 and 5). However, within 
1 hour, the concentration of these hormones increased 
significantly in animals. that received TNF (p < 0.01). 
These changes occurred long before signs of cardiovascular 
instability were observed. By contrast, epinephrine and 
norepinephrine levels remained stable through the 3-hour 
time point during TNF infusion but increased dramati- 
cally by 6 hours in association with hypotension and an 
increased base deficit. All of the aforementioned hormonal 
changes were blunted after pretreatment with ibuprofen. 

Insulin concentrations gradually fell in saline controls. 


$n nr rR 


Fic. 1. Pressure changes with time in the four groups of dogs. CON 
= controls; TNF = dogs administered tumor necrosis factor; CON + IBP 
= dogs administered ibuprofen; TNF + IBP = dogs administered TNF 
and ibuprofer. AP = mean arterial pressure; CVP = central venous 
pressure; PAP = pulmonary artery pressure; PWP = pulmonary capillary 
wedge pressure, Data are shown as mean + standard error of the mean 
in millimeters of mercury (mmHg). 
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TABLE 2. Hemodynamic Indices 
Index Hours CONTROL CONTROL + IBP TNF TNF +.IBP 
Cardiac index 0 4.80 + 0.41: 3.93 + 0.44 5.22 + 0.29 4.20 + 0.14 
(I/min/m?) 3 3.94 + 0.29 3.75 + 0.99 3.78 + 0.22 3.46 + 0.22 
6 3.74 + 0.36 3.06 + 0.73 3.04 + 0.28 2.54 + 0.21 
(n = 10) (n = 5) (n = 11) (n = 8) 
SVR 0 32.4 + 3.5 39.5 + 5.6 30.0 + 1.5 34.3 + 2.2 
Uncorrected 3 44.3+7.1 43.7453 40.5 + 4.8 47.5 £4.6 
(mmHg/Cl) 6 45.8 + 6.0 56.4 + 13.8 39.7 + 4.6 60.9 + 7.0 
(n = 7) = (n=5) (n = 7) (n = 5) 
` SVR 0 35.1 + 5.0 37.5 + 6.3 31.8426 31.7 41.7 
Hematocrit corrected 3 47.2+8.8 41.9 + 5.2 38.8 + 6.2 ` 42.4463 
(mmHe/Cl) 6 48.7 + 6.8 55.4 + 15.9 34.7441 46.8 + 5.9 
(a = 7) - (n= 5) (n = 7) (n= 5) 
Hind-limb flow 0 7.72 + 0,92 6.53 + 0.83 
(ml/min/kg) 542 7.46 + 0.87 4.25 + 0.35 
6 ` 6.36 + 0.76 3.64 + 0.65 
(n = 7) (n = 7) 
Hind-limb flow 0 198 + 24 173 + 22 
(ml/min/m?) 3 192 + 22 11249 
6 164 + 20 ' 96 +17 
(n = 7) (n = 7) 





Values are means + standard error of the mean. 


This response was not changed by TNF infusion but was 
more pronounced in animals administered ibuprofen. 
Blood glucose levels did not change in controls but fell 
rapidly in the animals that received TNF (p < 0.001) (Fig. 
5). In those ‘animals that received ibuprofen, more pro- 
nounced hypoglycemia developed (p < 0.001). 

Lactate did not change in controls, but it rose in the 


animals that received TNF (Table 4). This response per- - 


sisted despite ibuprofen pretreatment. Blood pyruvate did’ 
not change in controls, but it rose in the dogs that were 


administered TNF. Animals pretreated with ibuprofen 
were similar to saline controls. Controls and animals of 
the TNF group did not differ with respect to changes in 
serum triglycerides or free fatty acids. 


Urinary Changes 


Control animals excreted 5.2 + 1.5 ml/kg of urine, 1.1 
+ 0.4 mEq/kg of sodium, and 5.7 + 1:44M/kg of glucose 
over 6 hours. Animals that received TNF excreted four 


TABLE 3. Blood Gases and Hematology 








_ Index Hours CONTROL CONTROL + IBP TNF TNF + IBP 
Arterial pH ~ 0 7.33 + 0.01 7.32 + 0.02 7.31 + 0.01 7.30 + 0.02 
6 7.33 + 0.01 7.34 + 0.01 7.33 + 0.01 7.30 + 0.01 
Base excess 0 —2.9 + 0.6 73.0 + 0.8 —3.3 + 0.5 —3.5 + 0.9 
- 6 4.2 + 0.6 —4.2 + 0.6 -7.0 + 0.8 —7.8 + 0.9 
Arterial pCO, 0 42.6 + 1.9 43.6 +2.5 43.1 + 2.6 46.0 + 3.1 
_ (mmHg) 6 36.8 + 1.6. 37.6 + 1.9 28.3 + 2.0 32.6 + 1.5 
A-V O; saturation -0 18.0 + 1.8 16.0 + 3.0 17.4 + 1.6 17.8 + 1.9 
difference (%) 6 23,1 + 1.6 23.2 + 3.0 30.8 + 2.3 29.7 $1.7 
Hematocrit 0 34.6 + 1.5 37.8 + 1.2 33.5 + 1.4 37.0 + 1.3 
6 34.6 + 1.1 37.4 + 2.0 41.5 + 1.6 47.6 + 0.8 
White blood cell count 0 8642 + 900 8400 + 900 10791 + 800 8400 + 700 
(cells/pL) 6 15150 + 1100 11740 + 1800 6364 + 900 2975 + 400 


Values are means + standard error. Dog numbers per group were as 
in Table 1, except for the white blood cell count, where CON is n = 11 
and TNF is n = 10. This table shows only the starting and finishing 


values, whereas the statistical analyses of overall response were performed 
on data at T = 0, 3, and 6 hours. 
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Fic. 3. Changes in body temperature, oxygen consumption, and minute 
- ventilation with time. Oxygen consumption and minute ventilation are 
expressed per unit surface area (m°). CON = controls; TNF = dogs 

administered tumor necrosis factor; CON + IBP = dogs administered 

ibuprofen; TNF + IBP = dogs administered TNF and ibuprofen. 


eee Te 
Fic. 2. Changes cardiac index, hind-limb flow and hind-limb oxygen 
consumption (VO,) with time expressed per unit surface area (m°). 
40 403 45 6 7 Changes in heart rate arè also shown. BPM = number of heart beats 

each minute. CON = controls; TNF = dogs administered tumor necrosis 


factor; CON + IBP = dogs administered ibuprofen; TNF + IBP = dogs 
M O UR S ‘ . + administered TNF and ibuprofen. i 


Mo 
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Fic. 4. Changes in stress hormones with time. CON = controls; TNF 
= dogs administered tumor necrosis factor, CON + IBP = dogs admin- 
istered ibuprofen; TNF + IBP = dogs administered TNF and ibuprofen. 
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FG. 5. Changes in blood glucose, glucagon, and insulin concentrations 
with time. Blood glucose is expressed as mM/I, where .10 mM glucose/ 
l is approximately equal to 180 mg glucose/dl. CON = controls; TNF 
== dogs administered tumor necrosis factor; CON + IBP = dogs admin- 
istered ibuprofen; TNF + IBP = dogs administered TNF and ibuprofen. 


times as much urine (22.4 + 3.0 ml/kg) and a greater 
amount of glucose (18.0 + 2.3 uM/kg) (Table 3). Ibupro- 
fen treatment abolished these effects. 


Discussion 


In this experiment, the effects that occurred after a sub- 
lethal dose of TNF closely resembled those responses ob- 
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TABLE 4. Blood Substrate Concentrations and Urinary Indices 


Index Hours CONTROL 
Pyruvate 0 48+4 
(uM/L) 43 +3 
Lactate (uM/L) 0 818 + 80 
6 639 + 50 
Triglycerides _ 0 5544 
(mg/dl) 6 52 +4 
(n = 6) 
Free fatty acids 0 840 + 88 
(mEq/l) 6 1159 + 153 
(n = 6) 
Urine volume 0-6 §5.2+ 1.5 
(ml/kg) 
Urine sodium 0-6 1.1 +0.4 
(mEq/kg) . 
Urine glucose 0-6 5.7 + 1.4 
(uM/kg) 


CONTROL + IBP TNF TNF + IBP 
48 + 11 61+9 36 +4 
38 +9 140 + 15 68 + 6 

968 + 110 847 + 90 1025 + 60 
802 + 200 2247 + 230 1581 + 20 
48 +2 50 4 42 +4 
46+4 63+4 80 + 1] 

(n = 6) 
715 + 108 897 + 100 748 + 85 
843 + 174 1128 + 65 1163 +115 
(n = 6) 
3.3 +0.9 22.4 + 3.0 3.6 + 0.9 
(n = 9) 
1.4+0.5 2.3 + 0.3 0.5 + 0.1 
(n = 9) 
4.9 + 1.4 18.0 + 2.3 4.8 + 8.9 
(n = 9) (n = 7) 





Values are means + standard error. Dog numbers are as in Table I, 
except where shown to the contrary. For the first four indices, this table 
shows only the starting and finishing values, although statistical analyses 
of overall response were performed on data at T = 0, 3, and 6 hours. 
For the remaining three rows, the data were analyzed by ANOVA without 


repeated measures. The overall F values was first computed (p < 0.00! 


served during endotoxemia or septicemia. Furthermore, 
these responses occurred in the absence of severe hypo- 
tension or acidosis. TNF administration was associated 
with a gradual decline in arterial, central venous, and 


wedge pressures, but not in cardiac index. The fall in sys- ` 


temic arterial pressure may have been due in part to a 
reduction in blood or plasma volume. The large urinary 
output, rising hematocrit, and edema of gut mucosa ob- 
served at postmortem examination support this hypoth- 
esis. A gradual increase in venular capacity, as has been 
detected with endotoxin administration,'® would also de- 
crease venous return and would contribute to the falls in 
central venous and wedge pressure. 

Normally, the body responds ta intravascular volume 
depletion through increased sympathetic nervous system 
activity that increases vasoconstrictor tone and reduces 
urine output. Although circulating catecholamine con- 
centrations were elevated in animals that received TNF, 
this was associated with a high urine output and a failing 
arterial blood pressure. Furthermore, despite the hor- 
monal response, vascular resistance did not increase sig- 
nificantly after TNF infusion. These findings suggest that 
end-organ responses were inadequate even though 
sympathomedullary reflexes were intact. 

Ibuprofen pretreatment blocked the fall in systemic 
blood pressure. This occurred despite a significantly 
greater rise in hematocrit, which would suggest more pro- 
nounced intravascular volume depletion. Because an in- 
crease in cardiac index or in catecholamine release was 


in all cases). Post hoc comparisons using the Scheffe F test showed that 
the total 6-hour urinary volume and urinary glucose excretion was sig- 
nificantly higher in TNF animals as compared to any of the other three 
groups. Urinary sodium excretion was significantly higher in TNF com- 
pared with TNF + IBP animals. 


not observed in animals administered TNF and ibuprofen, 
the change in systemic pressure most probably resulted 


from an increase in vasoconstrictor tone. Ibuprofen also 


prevented the decrease in central venous and wedge pres- 
sure seen in TNF animals, perhaps through effects on 
capacitance vessels. e. 

After endotoxin administration, circulating levels of 
PGE, increase.’ In this situation, cyclooxygenase inhib- 
itors, which prevent the production of prostanoids vaso- 
dilators, improve hemodynamic stability. These cardio- 
vascular effects of TNF mimic those of endotoxin; the 
effects of both agents are reversed by ibuprofen admin- 
istration. These data suggest that the vasodilatory pros- 
taglandins are also important mediators of the effects of 
this cytokire. The high urine output observed in animals 
that received TNF resembles the “inappropriate” polyuria 
of sepsis. In the present study, the animals that received 
TNF and ibuprofen excreted normal quantities of urine, 
demonstrating that the polyuria associated with TNF ad- 
ministration is also regulated via cyclooxygenase path- 
ways.” 

The delayed rise in epinephrine and norepinephrine 
concentrations, which occurred between 3 and 6 hours, 
suggests that the activation of the sympathetic nervous 
system was a response to hypotension rather than a direct 
effect of TNF. This is unlike observations in human vol- 
unteers where circulating catecholamine levels increased 
within 2 hours of eridotoxin administration at a dose that 
does not change systemic blood pressure.*”! 
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TABLE 5. Summary of the Physiologic Responses to TNF Infusion 
and the Effect of Ibuprofen Pretreatment l 


Physiologic Responses TNF TNF + IBP 
Hemodynamics 

Blood pressure 4 Blocked 

Heart rate - A Partially blocked 
Central venous pressure 4 Blocked 
Pulmonary artery pressure $ Blocked 

Wedge pressure 4 Blocked 

Cardiac index No efect -` l A 

SVR >.. No effect A 


Temperature, urine output, 
and hematology 


Urinary output 4 Blocked ; 
Rectal temperature 4 Partially blocked - 
Hematocrit i . HF 
White blood ceils 4 
Respiratory indices | 
Minute ventilation A Partially blocked 
Oxygen consumption 4 Blocked 
pH No effect No effect 
Base excess $ | 
Hormones i. 
ACTH 4 ‘ Partially blocked 
Cortisol ‘ Partially blocked 
Glucagon A Partially blocked _ 
Insulin No effect 4 
Epinephrine A Partially blocked 
Norepinephrine 4 Partially blocked 
Substrates 
` Glucose | y ty 
Lactate t Partially blocked 
Pyruvate 4 Partially blocked 
Free fatty acids No effect No effect 
Serum triglycerides No effect . No effect 


$ = significant decrease over time. 

+ = significant increase over time. 

No effect = no change over time. 

Partially blocked = the response observed with TNF was attenuated. 
Blocked = the response observed with TNF was no longer observed. 


By contrast, the rapid onset of changes in ACTH and 
cortisol concentration and the attenuation of these re- 
sponses by ibuprofen suggest that TNF stimulates this 
neurohormonal axis and that the hormonal changes are 
effected through the cyclooxygenase pathway. In the an- 
imals given TNF and ibuprofen, the rise in ACTH and 
cortisol levels was blunted. Nevertheless, blood concen- 
trations were significantly different from control values 
at 6 hours. This response may be related to progressive 
hemodynamic instability or the elaboration of secondary 
mediators. Because ACTH and cortisol help regulate glu- 
coneogenesis, the hormonal blockade produced by ibu- 
profen may have contributed to the accentuated fall in 
blood glucose observed in animals administered this drug 
and TNF, Cyclooxygenase inhibitors are known to ac- 
centuate the hypoglycemia associated with sepsis.” 


Blood lactate concentrations increased during TNF in- | 


fusion, as has been described in dogs that received en- 


EVANS AND OTHERS 


Ann, Surg. * March 1989 


dotoxin.? Whereas this response may reflect tissue hyp- 


oxia, hyperventilation and its attendant hypocapnia could 


account for the elevated blood lactate concentrations” 
` observed in the present study. By contrast, the three- to 
fivefold increase in lactate concentrations observed by 


others’ is most likely due to hypotension and inadequate . 
tissue perfusion. 

In summary, the metabolic responses to TNF and the 
effects of ibuprofen pretreatment are multiple and varied 


_ (Table 5). Ibuprofen reversed the hemodynamic effects of 


TNF believed to be mediated via the cyclooxygenase 


pathway. The febrile response and stress hormone elab- 


oration were blunted. Changes in respiratory gas exchange 


_ were restored toward baseline. Ibuprofen did not prevent 


other changes associated with the infusion of TNF, such 
as the fall in base excess and pCO,, rise in hematocrit, 
leukopenia, hypoglycemia, and elevation of blood lactate. 
Tae tendency of ibuprofen to aggravate falls in blood glu- 
cose concentration with sepsis would necessitate careful 
monitoring of blood glucose in the clinical setting. 

This study demonstrates that the administration of 
sublethal doses of TNF induces responses that are similar 
ta those observed after endotoxemia/septicemia. Many 
of these responses occurred within 3 hours in the absence 
of severe hypotension or acidosis. Inhibition of cycloox- 
ygenase pathways supports hemodynamic stability and 


may be useful in the treatment of profound hypotension 
associated with severe infections. 
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Role of Prostacyclin in the Splanchnic Hyperemia 
CONGUE i to Portal Hypertension 





JAMES V. SITZMANN, M.D., GREGORY B. BULKLEY, M.D., MACK. C. MITCHELL, M.D.,* and KURTIS CAMPBELL, M.D. 


To determine the possible role of prostacyclin (PGL) as a me- 
diator of the splanchnic hyperemia seen with portal hypertension, 
the portal and mesenteric hemodynamics in normal and portal 
hypertensive rabbits were studied before and after cyclo-oxy- 
genase blockade. Three weeks after partial portal vein ligation, 
splenic pulp pressure was elevated from 4.3 + 0.9 to 9.8 +08 


mmHg (p < 0.01). Mesenteric blood flow increased from 77.0 — 


+ 4.7 ml. min™ -100 g™' to 99.1 + 5.19 ml/min™’/100 g™’: Mes- 

enteric vascular resistance fell from 0.82 + 0.6 mmHg/mi'/ 
min™ to 0.49 + 0.07 mmHg/mI“'/min™ (p < 0.01). These he- 

modynamic changes were associated with a 27.3 + 0.2% rise in 
` systemic arterial levels of PGI, (p < 0.01) and were substantially 
ameliorated by cyclo-oxygenase blockade with indomethacin. The 
effects of indomethacin blockade were reversed by exogenous 
PGI,. Moreover, in normotensive rabbits, infusion of PGI, re- 
produced the splanchnic hyperemia and caused a very small but 
significant increase in portosystemic shunting. These findings 
support thé previously proposed concept that splanchnic hyper- 
emia may contribute to the maintenance of chronic portal hy- 
pertension. Furthermore, they suggest that this effect may be 
partially mediated by splanchnic PGI, production. - 


seen in portal hypertension have recently been 

the subject of intense scrutiny. Traditionally, it 
had been thought that the chronic elevation of portal ve- 
nous resistance was the primary mechanism for elevation 
of portal pressure. Recent studies, however, found that 
after surgical constriction of the portal vein, total mes- 
enteric blood flow increased two- to threefold, and this 
sustained increase in flow contributed substantially to the 
maintenance of elevated portal pressure, despite the de- 
velopment of portosystemic shunts." This increase in 
- mesenteric blood flow was primarily due to a decrease in 
mesenteric vascular resistance. Similar hemodynamic 
changes also were seen in animals with experimental 
cirrhosis.’ 


T HE SPLANCHNIC HEMODYNAMIC abnormalities 
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Several mediators of this splanchnic hyperemia, in- ° 
cluding glucagon, have been proposed.* One possible 


. mediator, prostacyclin (PGI), a potent mesenteric 


vasodilator’, has been shown to be elevated in the portal 
vein endothelial tissue of rats with experimental portal 
hypertension.”° Moreover, cirrhotic patients have been 
shown to have extremely high urinary excretion of 6 keto 
PGF,,, a stable metabolite of PGI,’, and cyclo-oxygenase 


_ inhibition will reduce their portal pressure.'' These find- 


ings suggest a possible role for PGI, as a mediator of the 
splanchnic hyperemia seen in portal hypertension. The 
present investigation was designed to evaluate this hy- 
pochesis in a model of chronic portal hypertension pro- 
duced by partial portal vein ligation in the rabbit. 


Methods 
Arimal Preparation 


Adult male New Zealand white rabbits (3-4 kg) were 
used. Although many similar studies of experimental por- 


. tal hypertension have used the rat, we elected to use the 


rabbit because of the need for multiple blood samplings 
and to allow the placement of flow probes to measure 


‘blood flow in multiple vessels simultaneously. 


When hemodynamic measurements were obtained, the 
rabbits were sedated with 0.1 mg/kg intravenous (I. V.) 
pentobarbital and the abdominal wall was anesthetized 
locally with 10 ml of 1% lidocaine. Body temperature was 


_ maintained by a heat lamp and monitored by rectal probe. 


Via groin cutdowns, sterile catheters were placed in the 
femoral vein and artery and passed into the inferior vena 
cava (IVC) and infrarenal aorta, respectively. Central ve- 
ncus pressure (CVP) was measured with a water manom- 
eter connected to the IVC catheter. ‘Systemic blood pres- 
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sure was monitored by connecting the arterial catheter to 
a strain gauge transducer (Harvard Apparatus, South Na- 
tick, Massachusetts). Normal saline was infused at 40-50 
ml/kg~'/hour! through a peripheral vein catheter. Under 
these conditions, mean systemic arterial blood pressure 
(Pas) was maintained stable at 80-90 mmHg. 

Through a midline incision, the cranial (superior) mes- 
enteric artery (SMA) was exposed from the left side via a 
longitudinal incision in the perivascular sheath. A piezo- 
electric Doppler flow probe was placed around the vessel 
and connected to a directional pulsed Doppler flow meter 
(Iowa Instruments, Ames, IA). SMA blood flow (Qsma) 
and P,s were monitored continuously on a Grass Model 
7.D polygraph recorder (Grass Instrument Co., Quincy, 
Massachusetts). Portal venous blood flow was measured 
in normotensive animals by a second Doppler flow probe 
placed on the portal vein. Splenic pulp pressure (Psp) was 
measured by using a 20-gauge needle to puncture the cap- 
sule and inserting a PE80 gauge catheter into the splenic 
pulp. The needle was then withdrawn and the tip of the 
spleen ligated to secure hemostasis around the catheter. 
This catheter was also attached to a manometer. The ab- 
dominal incision was then closed and the animal allowed 
to stabilize for about 30 minutes. 

After completion of drug infusion and hemodynamic 
measurements, the animal was euthanized with a bolus 
injection of pentobarbital. The Doppler flow probes were 
then calibrated in situ, volumetrically, at the end of each 
experiment. The small bowel was then excised, cleaned 
ofits mesentery, rinsed, blotted dry, and weighed to allow 
expression of blood flows and vascular resistance in values 
normalized to 100 g of tissue. 


Microsphere Measurements of Portosystemic Shunting 


Animals undergoing shunt measurements were anes- 
thetized as described, the abdomen was opened, and 0.4 
ml of 15 + 0.1 um sonicated *’ cobalt microspheres were 
injected into the spleen via a 25-gauge needle. The needle 
was then withdrawn, and the tip of the spleen was ligated 
for hemostasis. The abdomen was closed, and 30 minutes 
later the animal was euthanized by a bolus injection of 
pentobarbital. The spleen, liver, and lungs were excised, 
homogenized, and counted by gamma scintillation 
(Beckman Instruments, Inc., San Ramon, California). 
Portosystemic shunting was determined by the formula 
discussed in the following section. 


Chronic Model of Portal Hypertension 


Some rabbits had portal hypertension induced by a 
partial ligation of the portal vein in a modification of the 


technique described by Groszmann.'? Via a midline in- | 


cision, the portal vein was exposed and dissected to its 
right and left lobar divisions. An 18-gauge needle was 
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placed alongside the vessel, just proximal to the bifurca- 
tion, and the portal vein was ligated around the needle 
with a 3-0 silk tie. The needle was then removed, leaving 
an 18-gauge lumen. The incision was then closed and the 
animal was allowed to recover. Three to four weeks later, 
the hemodynamic effects of portal vein ligation were eval- 
uated. 


Experimental Protocol 


Rabbits (n = 5) that had not undergone portal ligation 
served as controls (portal normotensive rabbits). Hemo- 
dynamic measurements were performed as described. In- 
domethacin (Merck, Sharp, and Dohme, West Point, 
Pennsylvania) was then administered via the IVC catheter 
in three sequential 15-minute bolus injections of 1.0 mg/ 
kg, followed by a single 5.0 mg/kg-dose (total dose of 8.0 
mg/kg over 60 minutes). 

Indomethacin was dissolved tn sterile water. The dose 
cf indomethacin was determined after first establishing a 
dose response curve (to Qsma) in portal hypertensive rab- 
bits. After a total dose of 3-4 mg/kg, no further effect 
was seen in the measured parameters. The subsequent 
cose of 0.5 mg/kg was administered to insure complete 
cyclo-oxygenase inhibition. Another group of normal 
rabbits (n = 5) received PGI, infusion through the IVC 
catheter. PGI, sodium salt was dissolved in glycine buffer 
(pH 10.5) immediately before use and was cooled to 4 C. 
A thermostatic jacket was constructed around the syringe 
to maintain temperature at 4 C and the drug was admin- 
istered via an infusion pump (Harvard Apparatus Co., 
Natich, MA). Systemic arterial blood (from the aortic 
catheter) was used for the PGF), assay. After obtaining 
the sample, it was placed into an iced tube containing 
edetic acid (EDTA) (0.02 mi of 5% solution for each ml 
cf blood) and immediately centrifuged, and the super- 
natant was frozen for subsequent analysis. Six keto PGF,,, 
the stable metabolite of PGL, was assayed by radioim- 
munoassay, as described previously.'*!7 

The degree of portosystemic shunting was then deter- 
mined in a separate group of control rabbits (n = 5), and 
in another group of nonhypertensive rabbits (n = 5) after 
15 minutes of central intravenous PGI, infusion (200 ng/ 
kg/min). 


Portal Hypertensive Animals 


Rabbits that had undergone partial portal ligation were 
studied 3-4 weeks after operation. Hemodynamic mea- 
surements were obtained before, during, and after indo- 
methacin infusion. 

' Another group of portal hypertensive animals (n = 5) 
received PGI, infusion after indomethacin blockade. Cy- 
clo-oxygenase blockade was first established by I.V. ad- 
ministration of indomethacin (8.0 mg/kg). After 30 min- 
utes, PGI, was infused into the IVC catheter. Hemody- 
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TABLE |. Baseline Hemodynamics (n = 5) (mean + SEM) 


Chronic Portal 


Parameter Control Hypertension 
Pas (mmHg) 82.1 +3.17 85.0 + 5,7 
CVP (cmH;0) 3.4 +0.28 3.2 +0.26 
Psp (cmH,O) 3.2 +0.63 9.85 + 0.83* 
Qsma (ml/min/100 g ) 
intestine) - 77.08 + 4.72 99.1 + 5.19" 
Rsma (mmHg/ml/mm/100 g 
intestine) 0.82 + 0.06 0.49 + 0.07* 
6 keto PGF, (ng/ml) 0.29 + 0.01 1.1 +0.4* 
0.08 + 0.01 91.2252" 


Portosystemic shunt (%) 
* p < 0.01 versus control. 


namic measurements were obtained before, during, and 
after PGI, infusion. . 

Finally, a third group of portal hypertensive animals 
(n = 5) had microsphere measurement of portosystemic 
shunt, as described above. 


Results 
PGI, Infusion in Portal Normotensive Animals 


Hemodynamic measurements obtained in control 
(normotensive) rabbits were consistent with previously 
reported normal values (Table 1).!* The central I.V. in- 
fusion of PGI, resulted in dose-related, stepwise increases 
in SMA blood flow, Psp, and corresponding falls in SMA 
vascular resistances (Rsma). (Fig. 1). These hemodynamic 
alterations returned to baseline after cessation of the PGI, 
infusion. The infusion of PGI, at 200 ng/kg/min increased 
portosystemic shunt in the normotensive rabbit from 0.08 
+ 0.01% to 0.57 + 0.04% (p < 0.01). Systemic arterial 
levels of 6 keto PGF;, rose from less than 0.3 ng/ml to 
9.2 + 4.3 ng/ml (p < 0.01)(Table 1). PGI infusion also 
raised portal blood flow from 128 + 2.73 to 175.6 + 13.27 
ml/min™!/100 g7!. | 


Portal Hypertensive Animals 


Two weeks after partial portal venous ligation, a twofold 
increase in Psps was associated with a 28% rise in Qsma 
and a corresponding decrease in Rsma (Table 1). Porto- 
systemic shunting was also increased. Systemic arterial 
PGI, levels rose to 1.1 + 0.4 ng/ml (p < 0.01) versus 
control. 


Cyclo-Oxygenase Blockade in Portal Hypertensive Ani- - 


mals 


Systemic I.V. administration of indomethacin reversed 
each of the above hemodynamic changes in a dose-de- 
pendent manner. Specifically, Psp fell to normotensive 
levels, QSMA fell 30% to normotensive levels and RSMA 
rose to normal levels. Cyclo-oxygenase blockade resulted 
in a dose-related change in QSMA and RSMA to normal 
values, whereas Psp fell 30% (Fig. 2). In these portal hy- 
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pertensive rabbits, cyclo-oxygenase blockade also reduced 
the systemic arterial levels of PGI, from 1.1 + 0.04 to 
< 0.3 ng/ml (p < 0.01) (Table 1). 


PGI Infusion After Cyclo-Oxygenase Blockade. | 


In portal vein-ligated animals, after indomethacin 
blockade, PGI, was administered to determine whether 
the effect of cyclo-oxygenase blockade could be reversed 
by an agonist. After the effects of indomethacin blockade 
described above were produced, PGI, infusion restored 
the splanchnic hyperdynamic picture to normal (Fig. 3). 
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Fic. 1. Effect of PGI, infusion on splanchnic hemodynamics in portal 
no-motensive rabbits (n = 5). IVC PGI, infusion (100 ng/kg/min) begun 
at 10 minutes, PGI, at 200 ng/kg/min begun at 30 minutes. 
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Discussion 


The hallmark features of portal hypertension are an 
initial fixed obstruction to venous outflow from the 
splanchnic vascular bed, resulting in a rise in portal venous 
pressure. Both Groszmann et al. and Granger et al.”>!5 
have previously shown that this is followed by a rise in 
total splanchnic blood flow, especially in SMA flow, due 
primarily to a fall in mesenteric resistance that appears 
as portosystemic shunting develops. Therefore, despite the 
fall in portal venous resistance, portal pressure still re- 
mains elevated. Benoit and co-workers!® have suggested 
a possible role for an endogenous vasodilator that could 
mediate this mesenteric vasodilatation. They have spe- 
cifically suggested that glucagon could be partially me- 
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FiG. 2. Effect of cyclo-oxygenase blockade in normotensive and portal 
hypertensive rabbits. Indomethacin (1.0 mg/kg) administered at 10 min- 
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at 55 minutes. 
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Fic. 3. Effect of PGI, infusion in cyclo-oxygenase-blocked portal hy- 
pertensive rabbits after administration of indomethacin (8.0 mg/kg). PGI, 
via IVC at {5 ng/kg/min begun at 10 minutes, 100 ng/kg/min at 20 
minutes, and 200 ng/kg/min at 30 minutes. 


diating this effect, and by using highly specific glucagon 
anti-serum in the rat model, they have shown that up to 
30% of the hyperemia could be caused by the vasodilatory 
action of glucagon. The action of glucagon alone, however, 
did not fully account for the observed changes, raising 
the possibility of other mediators contributing to the hy- 


peremic state. We directed our studies at elucidating 
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whether PGH, itself a potent mesenteric vasodilator,® 
could be a major mediator of the fall in mesenteric resis- 
tance and the increased splanchnic blood flow believed 
to be associated with the maintenance of increased portal 
pressure. 

Although the rabbit model offers significant advantages 
in terms of size, there is a relative lack of experience with 
this particular animal in the study of portal hypertension. 
The rabbit is more sensitive to general anesthetics, ne- 
cessitating the use of combination agents (sedation plus 
local anesthesia). Moreover, rabbits appear to have basal 
. prostaglandin levels that affect splanchnic blood flow; in- 
domethacin blockade in normal rabbits resulted in a slight 
but reproducible diminution .of splanchnic flow. Aside 
from these differences, the splanchnic response to partial 
portal vein ligation in the rabbit appeared to be similar 
to that observed in the rat. 


In our studies, the infusion of PGI, into normotensive’ 


"rabbits reproduced in a dose-related fashion the splanchnic 
hyperdynamic pattern seen in portal hypertensive animals. 
In the portal hypertensive animal, cyclo-oxygenase block- 
ade normalized splanchnic hemodynamics, but the hy- 
perdynamic state was re-established by the infusion of 
PGI, into these animals. 

Although several investigators have shown that PGI, 
metabolites are elevated in portal vein endothelial tissue 
of rats with experimental portal hypertension,” '® that cir- 
rhotic patients have high urinary levels of 6 keto PGF,a,'” 
and that cyclo-oxygenase blockade in cirrhotics will cause 
a fall in portal pressure,'' a causal relationship between 
the action of PGI, and the abnormal splanchnic hemo- 
dynamics has not previously been established. The prob- 
lem of establishing a causal relationship is complicated 


by the fact that the splanchnic hemodynamic response to. 


portal venous obstruction changes over time. The initial 
cause of increased portal pressure is the fixed obstruction 
to portal venous flow, and the initial hemodynamic pic- 
ture is one of high portal pressure due to high portal ve- 
nous resistance. In the chronic rat model, the portal ve- 
nous resistance decreases over time because of the devel- 
opment of collaterals, whereas the initial rise of splanchnic 


arterial flow is maintained.'*'® Thus, a possible causal . 


relationship between PGI, and splanchnic hyperemia is 
better evaluated in the chronic, well-established, poral 
hypertensive state. 

Even in the established, portal hypertensive animal 
the fact that PGI does not have a specific pharmacologic 
antagonist prevents a more direct evaluation of its role. 
Cyclo-oxygenase blockage will block the synthesis of a 
number of vasoactive prostaglandins as well as PGL. The 
fact that in the portal hypertensive animal, cyclo-oxygen- 
ase blockage lowers mesenteric blood flow to near normal 
levels and significantly lowers portal pressure, does suggest 
an action by a cyclo-oxygenase metabolite. These findings 
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also support the concept that the increased mesenteric 
flow may partially mediate the elevation of portal pressure. 
However, the complete reversal of the effect of cyclo-ox- 
ygenase blockade in the portal hypertensive animal by the 
excgenous administration of PGI, suggests that PGI, itself, 
and not another product of arachidonic acid metabolism, 
is mediating this component of the hyperdynamic state. 
The effect of PGI, infusion on the mesenteric vascular 
bed of normal.rabbits reproduced the splanchnic hyper- 
dynamic state, but did not produce a significant elevation . 
of >ortal pressure. This is probably due to the fact that, 
in zhe absence of portal venous outflow obstruction, the 


portal venous resistance remained normal (i.e., quite low). 


Thz observation that PGI, appears to increase portosys- 


‘temic shunt in the normal rabbit may be explained by 


the simple increase in flow through the portal circulation 
including collaterals, or possibly by the fact that PGI, has 
a direct effect on venous collateral resistance. . 

The apparently direct effects of indomethacin on re- 
gional blood flow in the rabbit have been described pre- 
viously. Bill’? noted a fall in small intestinal blood flow 


and a rise in hepatic artery flow in normal rabbits after 


I.V. infusion of 20 mg/kg of indomethacin. Although even . 
higher doses (> 40 mg/kg) have been found to be vaso- 
constrictive, this effect was not seen with doses under 20 
me/kg. Thus, the only expected effect of the 8.0 mg/kg 
dose of indomethacin used in these experiments is cyclo- 
oxygenase blockade. Blanchart et al.”° injected portal vein- 
ligated rats with indomethacin in doses of 4 mg/kg/day 
for 8-10 days. Although they found nearly a twofold ele- 
vation of portal blood flow, (from 0.26 + 0.13 ml/min™!/ 
g`! to 0.42 + 0.17 ml/min '!/g7'), this was not significant. 
In their model, 6 Keto PGF,, was still detectable in the 
urine. The major differences in our model include a longer 
period after portal vein ligation, thus allowing full-blown 
portal hyperemia to develop,’° ano complete ablation of 
measured 6 Keto PGF;a- 

PGI, is produced by mesenteric vascular endothelium 
and normally has.a short half-life due to rapid hepatic - 
degradation.”!*? Our findings of elevated systemic arterial 
levels of PGI, in portal hypertensive rabbits would be dif- 
ficult to explain unless a significant amount of PGI, pro- 


‘duced by the splanchnic vascular bed avoids hepatic me- 


tatolism by virtue of portosystemic shunting. In this way, 
the PGI, produced in the splanchnic vasculature of portal 
hypertensive rabbits could gain access to the systemic cir- 


‘culation. Thus, PGI, may here act as a systemic hormone, 


and thereby mediate much of the mesenteric hyperemia 
of dortal hypertension. 
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Postoperative Changes in Serum Creatinine 
When Do They Occur and How Much Is Important? 





MARY E. CHARLSON, M.D., C. RONALD MACKENZIE, M.D., JEFFREY P. GOLD, M.D., and G. THOMAS SHIRES, M.D. 


The objective of this study was to evaluate the use of the serum 


creatinine in following postoperative renal function. In this pro- - 


spective study of 278 patients (mainly hypertensives and dia- 
betics) undergoing noncardiac surgery, the serum creatinines were 
followed from the first through the sixth postoperative day. Cre- 
atinine clearances were evaluated before operation and on the 
fourth to fifth postoperative day. During the first six days after 


the operation, 23% (65 of 278 patients) had an increase of serum `: 
creatinine > 20%. Such increases were sustained for = 48 hours 


in 12% of the patients (32 of 278), and half of these patients had 
not returned to their initial level of renal function by the time of 
discharge. Patients who sustained such a deterioration were at 


risk for nonoliguric renal failure if they had a subsequent insult — 


(i.e. hypotension, reoperation, angiography, aminoglycosides.) 
Such increases occurred early in the postoperative period—on 


the first or second postoperative day. As judged by the creatinine 


clearances, postoperative increases of = 20% in the serum cre- 
atinine identified most patients whose clearance fell more than 
50%, although the serum creatinine did not accurately reflect 
changes in creatinine clearance among those patients who had 
undergone an amputation. It is concluded that the serum creat- 
inine is useful in monitoring postoperative renal function. Of 
those patients who had postoperative increases in serum creat- 
inine sustained for = 48 hours, as many as one third had evidence 
of impairment in renal function at the time of discharge. 


OST STUDIES of post-operative renal function 
have focused on trauma or cardiac surgery pa- 


tients who have a high risk of postoperative . 


renal failure.'* Although there is substantial data docu- 
menting that glomerular filtration rate (GFR) decreases 
intraoperatively and immediately after noncardiac: sur- 
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gery,” |! there is surprising little data available about renal 
function after the first postoperative day. In the few studies . 
that have followed renal function for more than 48 hours 
after noncardiac surgery, creatinine clearances were de- 
creased on the first postoperative day, but by the fourth 
day were > 120% of baseline.'?'* 
Although the creatinine clearance is reasonably sensi- 
tive to changes in GFR, when measured routinely on in- 
patients, it has a 27% within-patient standard deviation, 
due to measurement error and biologic variability.!° Usu- 
ally, only the serum creatinine is'routinely monitored. | 
The serum creatinine has a small within-patient standard 
deviation (e.g., 5%), but may not be sensitive enough to 
detect important deteriorations.'*'° 

In this prospective study of patients undergoing non- 
cardiac surgery, serum creatinines were followed from the 
first to the sixth postoperative day in all patients, and 
creatinine clearances were evaluated before operation on 
the fourth to fifth postoperative day. The objectives of 
this study were to determine whether the serum creatinine 
is sufficiently sensitive to detect important deterioration 
in postoperative renal function and to identify the post- 
operative days when the risk of deterioration is highest. 


Methods 


Assembly of Population 
This prospective study included 278 patients who un- 


. derwent nonemergent general, vascular, or gynecologic 


surgery at New York Hospital between July 1982 and 
September 1985. Most of the patients were enrolled in 
one of several studies of the prognosis of hypertensives or 
diabetics undergoing noncardiac surgery. Basic demo- 
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one and clinical data were recorded, including the pa- 
tients’ age, sex, race, and medications. The history of co- 
morbid conditions such as diabetes, hypertension, doc- 
umented renal insufficiency, ischemic heart disease, 
‘congestive heart failure, chronic pulmonary disease, cir- 
rhosis, and cancer were recorded according to specific cri- 
teria.'° A physical examination was performed in a stan- 
dardized fashion, and the weight and height of the patient 
were recorded. Basic laboratory data including hemoglo- 
bin and hematocrit, blood urea nitrogen, electrolytes, and 
qualitative urine protein and glucose were recorded. In 


the analysis, proteinuria is defined as 2+ or greater on the 


Albustix. 


Assessment of Serum Creatinine 


Serum creatinines were fasting determinations. Serum 
creatinines were determined by an autoanalyzer using the 
Jaffe method.'’ The reproducibility of the serum creati- 
nine is 2-5% when patients are stable.!8 Specimens were 
obtained on the first through seventh post-operative day 
or until discharge, reoperation, or death. For example, of 
the 278 patients, 262 patients were available for study 
(there had been one death, three reoperations, and twelve 
discharges) on postoperative Day 1; creatinines were ob- 
tained from 84% (221) of those patients who were eligible. 
Similarly, creatinines were obtained from 82% (221 of 
255 patients) on Day 2, from 85% (199 of 236 patients) 
on Day 3, from 80% (171 of 217 patients) on Day 4, from 
83% (161 of 195 patients) on Day 5, and from 73% (120 
of 169 patients) on Day 6. Most of the decrement in the 
denominators was due to discharges: there were only three 
deaths and eleven reoperations within the first 7 days. 


Assessment of Creatinine Clearance 


Creatinine clearances were performed before and after 
the operation. Clearances were based on 24-hour volumes 
in 93% of the patients and on 12- or 18-hour volumes in 
7%. Serum and urine creatinines were determined by an 
autoanalyzer using the Jaffe method.’’ Postoperative 
clearances were begun on the morning of the fourth post- 
operative day. The mean of the serum creatinine from 
_ the fourth and fifth postoperative day was used to calculate 
the postoperative clearance. All reported clearances were 
corrected for surface area by dividing the calculated sur- 
face area by 1.73 m*; body surface area was calculated 
using the following formula: 0.02252 height (in cm) 04246 
weight (in kg) °°!*°°.!9 Post-operative clearances were ad- 
justed for any change in weight that occurred after the 
operation.”” Lean body weight was calculated using the 
method of Hume.”! 

Preoperative clearances were obtained on 76% (211) of 
the 278 patients. Postoperative clearances were obtained 
on 169 of 217 patients (79%) of those eligible (i.e., those 
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TABLE 1, Clinical Characteristics of the Patients 
Percentage of Standard 
Characteristics Patients Mean Deviation 
Female . 61 
Renal disease 8 
Hypertension 76 
Diabetes 38 
‘Congestive heart failure 17 
Peripheral vascular 30 
Angina ` 20 
Myocardial infarction 13 
Chronic brorchitis 16 
Cerebrovascular accident 12 
Cancer 10 
Cirrhosis 3 
Amputation 7 
Beta-blockers o 
Digitalis 17 
Diuretics 32 
Intra-abdommal 36 
Aortic aneurysm repair 10 
Peripheral vascular 22 
Other procedures 32 
Age 63.1 yrs +13.3 
Pre-operative weight 75.5 kg +46.4 
Lean body wzight 49.5 kg +15.1 
Serum creatinine 1.2 mg/dl +0.6 
Urinary creatinine 13.6 mg/kg/24h +10.1 


Clearance 61.3 ml/min/1.73m? +27.9 


who had not been discharged). Pre- and postoperative 
clearances were available on 135 patients or 62% of those 
eligible. Work-up bias would have occurred if the char- 
acteristics of those patients who had postoperative’ clear- 
ances differed from those who did not. For example, work- 
up bias would have occurred if patients who had increased 
creatinines on the first, second, or third postoperative day 
were found to have significantly more postoperative cre- 
atinine clearances performed. To evaluate the possibility 
of work-up bias,” the occurrence of an increase in serum - 
creatinine on postoperative Day 1, 2, or 3 was evaluated 
as potential predictors of whether postoperative clearances 
were performed. Logistic regression, using whether or not 
postoperative clearances were performed as the dependent 
variable, revealed that increases in the serum creatinine 
on postoperative Days 1, 2, or 3 did not predict whether 
a clearance was done. Similarly, comorbid diseases, age, 
creatinines, and other characteristics listed in Table 1 were 
examined as predictors of whether a postoperative clear- 
ance had been done. Only patients who had abdominal 
surgery were more likely to have postoperative clearances 
performed (p < 0.04). 


Data Analysis 


Life table methods were employed to calculate the daily 
and cumulative risk of increased serum creatinine.” In 
this analysis, patients who were discharged, who died, or 


330 


{Tl Decrease >20: 
C No Change 

H Increase 203 
C) ‘Missing 





Percent of Patients 
& 


B 


BO 
ir i. 


Post-Operative Day 


Fic. 1. Changes in serum. creatinine according to postoperative day. 
Proportion of patients with = 20% increase or decrease (or no one? 
from baseline on any given postoperative day. 


who had undergone a reoperation were handled by re- 
garding the patient as ‘withdrawn alive’ at that time, as 
is standard with life table techniques.” Multiple logistic 
regression was used to analyze binary outcomes (i.e., to 
identify the characteristics of patients likely to have a sus- 
tained increase in creatinine after the operation). The 
LOGIST program in SAS was employed.” Multiple 
regression was performed using the General Linear Models 
program in SAS.” 


Results 


Timing and Extent of Postoperative Changes in Serum 
Creatinine. The patients ranged in age from 19 to 90 years; 
their mtan age was 63 years. Seventy-six per cent of the 
patients had hypertension and 38% had diabetes. As 
shown in Table 1, cardiac comorbidity was common. 
Eight per cent of the patients had renal disease docu- 
mented before to admission. 

Figure | shows the percentage of patients who had either 
decreases of = 20%, increases of = 20%, or no change in 
serum creatinine in relation to their baseline level on each 


0.20 
Daily risk of first having 020% increase 

9.18 in serum creatinine 

O16 4 
= o4 
Š 0.12 Figure 2a 

B.t0 
s A “+ Sustained (2 48 brs) 
~ 32308 + Transient (< 48 hrs) 
g 0.06 Æ Total 
s 0.04 ~~ 

0.02 a —<—t aa 

5 es 
6.06 
t 2 3 4 S A 
Post-Operative Day 


CHARLSON AND OTHERS 


Ann. Surg. » March 1989 


postoperative day. On any given postoperative day, the 
majority of patients had no change in their serum creat- 
inine. On most days, 10-15% of patients had an increase 
in serum creatinine and 10-15% had a decrease. The re- 
mainder of the analysis will focus on patients who had a 
= 20% increase in serum creatinine after the operation. 
During the first six postoperative days, 23% of the pa- 
tients (65 of 278) had a = 20% increase in serum creati- 
nine. In about half of the patients (32 of 65), the increase 
was sustained for 48 hours or more. If these patients ex- 
perienced an additional insult (e.g., angiography, reop- 
eration, sepsis, aminoglycosides, hypotension) within the 
first 10 days after the operation, all went on to have sub- 
sequent further deterioration in renal function. Twenty- 
eight per cent of the patients (9 of 32) with sustained in- 
crease did have further deterioration in renal function. 
Two patients had renal failure with transient oliguria.”° 
The highest risk of an increased creatinine (15%) oc- 


curred on the first postoperative day (Fig. 2A). By the 


second day, the risk had dropped to 5%. On the third day 
and thereafter, the overall risk of first having an increased 
creatinine dropped to 3-4% per day. The timing was sim- 
ilar for patients with sustained and transient increases in 
creatinine (Fig. 2A). The peak risk of both transient and 
sustained increases occurred on the first postoperative day. 
Figure 2B shows the cumulative risk of having an increase 
in serum creatinine. Clearly the majority of patients who 
had postoperative increases in creatinine experienced their 
first elevation on the first postoperative day. 


Postoperative Changes in Clearances Versus Changes in 
Serum Creatinine 


Under usual clinical circumstances, the variation in the 
creatinine clearance on repeated determinations has been 
shown to be as high as 27%.'>'*?” Therefore, a change of 
50% was chosen to represent a clinically important in- 
crease or decrease in clearance. Figure 3 shows the rela- 
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tionship of the preoperative clearances to the postoperative 
clearances. Lines are drawn to delineate patients with the 
following postoperative changes in creatinine clearance: 
50% increase, 30% increase, 20% increase, 20% decrease, 
30% decrease, and 50% decrease. Among those patients 
who had postoperative clearances, 17% of the patients (24 
of 135) had a = 50% increase in clearance on postoperative 
Days-4 and 5, and 11% (15 of 135 patients) had a 50% 
decrease in clearance. Seventy-one per cent of the patients 
did not have an increase or decrease of = 50% in clearance. 

The changes in clearance among the seven patients who 
had undergone amputations above or below the knee were 
not accurately reflected by changes in the serum creati- 
nine. For example, two of these patients had a 50% de- 
crease in their clearance in the face of a decrease in their 
serum creatinine. Although the numbers are small, cau- 
tion should be exercised in interpreting postoperative 
serum creatinines in such patients; an unchanged or im- 
proved serum creatinine may mask actual deterioration 
in renal function after amputation. 

Figure 4 shows the receiver-operating characteristic 
curves for whether or not a decrease of = 50% in the 
postoperative creatinine clearance (on Days 4 and 5) was 
reflected by simultaneous changes in the serum creatinine. 
Patients who underwent amputation are omitted. Figure 
4A show the ability of different proportionate increases 
in the serum creatinine to detect a = 50% decrease in the 
creatinine clearance. Using the cut-off of a 60% increase 
in serum creatinine, 50% of patients will have a = 50% 
decrease in creatinine clearance (true-positive rate), and 


the false-positive rate would be 2%. At a cut-off of 50%, . 


the true-positive rate will be 50%, and the false positive 
rate will be 4%. Figure 4B shows the ability of absolute 
increases in the serum creatinine to detect a = 50% de- 
crease in creatinine clearance. With an increase of 0.4 
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Fic. 3. Preoperative versus postoperative creatinine clearances. 


me/d1, the true-positive rate is 67%, and the false-positive 
rate is 3%. | | 


Longer-Term Consequences of Immediate Increases in 
Postoperative Serum Creatinines | al 


In order to create a context in which to analyze the 


immediate postoperative increases in serum creatinine, 
- the patient’s serum creatinine at discharge was compared 


with their baseline preoperative level. Fourteen patients 
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Fics. 4A and B. (A) Ability of proportionate changes and (B) absclute changes in postoperative serum creatinine to identify patients with a clinically 
important decrease in creatinine clearance. (Receiver-operating characteristic curve for detection of a > 50% decrease in creatinine clearance on 
postoperative Days 4 and 5). Postoperative clearances obtained on Days 4 and 5 versus preoperative clearances are compared to changes from baseline 
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had serum creatinines that had increased 50% or more 
over baseline at discharge, and another four had increases 
of 33-49%. The mean length of stay for these patients 
was 16.7 + 8.6 days. For the majority of these. patients 
(15 of 18), the increases in serum creatinine had begun 
within the first six postoperative days. To determine the 
optimal magnitude and duration of increased serum cre- 


atinine for identifying patients who would have such per- . 


sistently increased: serum creatinine at dischange, a re- 
ceiver-operating characteristic curve was used. Figure 5 
shows the true-positive and false-positive. rates for in- 
creases in serum creatinine of various magnitudes. and 
durations. Increases of > 20% in creatinine lasting 48 
hours er, more had a true-positive rate of 93% and a false- 
positive rate of 7%. The positive predictive value was 46%, 
and the negative predictive value was 99%. 
Discussion 

With inhalation or spinal anesthetics, a decrease of 30- 
50% in glomerular filtration rate occurs probably because 
of systemic hemodynamic changes—specifically, a fall in 
mean arterial pressure with a resultant decrease in renal 
blood flow.*'!:78-2 If the patient is volume depleted, the 
decreases in glomerular filtration rate are significantly 
greater.”™3! Most of the studies of postoperative renal sta- 


'-tus have focused on those patients who developed acute 
oliguric renal failure after cardiopulmonary bypass or 


aortic cross-clamping.'* Methods of preventing or atten-: 


uating the insult to the kidneys have been studied in these 
specific circumstances.***? Recent work has suggested 
that with current cardiopulmonary bypass techniques, 
nonoliguric acute renal failure has become more common 
than oliguric renal failure? and that those cardiac surgical 
patients who experience an early postoperative renal de- 
terioration and who experience a subsequent insult (e.g., 


reoperation, hypotension, and aminoglycosides) may Re 


at high risk for later- nonoliguric failure.’ 


_less than 12 hours are required. 
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In the setting of noncardiac surgery, there are only a 
few studies that document in small numbers of patients 


‘the magnitude or sequence of changes that occur after 
 operation.'*"'*4 In one study of 17 patients who had un- 
.dergone cardiac or abdominal surgery, the clearance 


dropped by about 30% on the first postoperative day and 
rose to levels that-were 110-150% of baseline values by 
the fourth postoperative day.'? In another study of 17 
volunteers who underwent anesthesia either with enflur- 
ane or halothane but who did not undergo surgery, cre- 
atinine clearance decreased intraoperatively but subse- 
quently increased to values higher than those that existed 
before anesthesia.'* The largest study of patients who un- 
derwent surgery for cancer (68 patients, mean age of 55 
years) demonstrated that about 60% of patients had a de- 
crease in clearance of = 20% on the first postoperative 
day, but that only 16% continued to have such a decrease 
on postoperative Day 4.'? By the fourth postoperative day, 
one quarter of the patients had increases to 120% or more 
of baseline clearances Thus, our findings of increased 


clearances on postoperative Day 4 confirm earlier find-. 


ings. 42-14 


In clinical practice, because inulin clearance (the true 
gold standard for renal function) is almost never measured 
and creatinine clearances are rarely performed, the issue 
is whether changes in serum creatinine can be used to 
identify patients who have had an important deterioration 
in renal function. We selected apriori a 20% increase in 


serum creatinine as indicative of a potentially important 


change. This magnitude is clearly beyond the usual intra- 
patient variability in serum creatinine.*°**** Patients were 


serially followed to ascertain who developed clinically im- 


portant dysfunction or failure. 

- Most of the important deterioration besii within 48 
hours after the operation. In considering the sequence of 
changes after operation, it should be noted that deterio- 


” ration in function may take longer to be noted than im- 


provement.” As creatinine clearance decreases, the half- 
life of serum creatinine increases, so that a 50% decrease 
in clearance leads to a doubling of the serum half-life.?? 


Because it takes over three half-lives to establish a new 
equilibrium, it takes longer to reach an equilibrium with 


decreasing rather than increasing renal function; thus, with 
a 50% decrease in renal function it-may take 36 hours to 


- reach a new equilibrium, but with an increase of 50%, it 


d 20,37 
Attempts to evaluate the utility of the serum creatinine 


- for-monitoring postoperative renal function are important 
- for several reasons. Postoperative acute renal failure has 


been reported in as many as 10% of the patients under- 
going major elective surgery.** This complication is as- 
sociated with prolonged hospitalization and increased 
mortality.’ For the small percentage of patients who 
develop frank failure, there is a larger proportion of pa- 
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tients who have less dramatic damage.’ Twelve per cent 
of the patients had sustained increases in creatinine after 
noncardiac surgery. As reported previously, patients who 
experienced an early deterioration in renal function and 
who were subsequently exposed to a second insult (e.g., 
reoperation, angiography, hypotension, and sepsis) tended 
to have substantial and sustained subsequent deteriora- 
tion.’ The study of the entire spectrum of changes in post- 
operative renal function may help to elucidate etiologically 
important factors. Some patients had a significant decrease 
in renal function without an increase in the serum cre- 
atinine; this was especially true among patients who had 
undergone amputation. Among such patients, stable or 
decreasing serum creatinines can occur, despite important 
decreases in creatinine clearances, and therefore actual 
clearances should be measured. 
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A New Model for Studying Nutrition in Peritonitis 


The Adverse Effect of Overfeeding 





J. WESLEY ALEXANDER, M.D., Sc.D., SARA J. GONCE, B.A., B.S., PHILLIP W. MISKELL, B.A., B.S., 


MICHAEL D. PECK, M.D., and HARRY SAX, M.D. 


In guinea pigs fed ad libitum, controlled intraperitoneal infusion 
of bacteria by an implanted 7-day osmotic pump resulted in peri- 
tonitis or abscess formation with a 50% survival 14-18 days 
after pump implantation. Administration of 125 kcal/kg/day of 
a diet found to be optimal for burned guinea pigs by continuous 
pump controlled feedings via a previously placed gastrostomy 
was well-tolerated, with a 62.5% mortality by Day 17. Admin- 
istration of only 100 kcal/kg/day caused weight loss of approx- 
imately 17% after 16 days, but fewer animals died (42.8%, p 
= NS). Feeding either 150 kcal/kg/day or 175 kcal/kg/day 
caused death in all 25 animals (p < O.OO)) and their survival 
time was slightly shortened (p = NS) when compared with an- 
imals receiving 100 or 125 kcal/kg/day. This is the first animal 
model of peritonitis that permits incisive dissection of the relative 
influences of dietary composition on outcome, because survival 


can be extended to 2 weeks or more in the presence of continuing - 


sepsis.’ -, 


UMEROUS ANIMAL MODELS have been used to 
study therapeutic interventions of bacterial 
' peritonitis. Most provide only short-term ob- 
servations because the majority of animals that are des- 
tined to die do so within 24-48 hours of simple contam- 
ination. Introduction of bacteria entrapped in a fibrin 
clot,!? insertion of gelatin capsules containing bacteria 
with or without adjuvants such as barium sulfate or ster- 
ilized feces,* and cecal ligation with puncture?” are tech- 
niques that provide somewhat longer survival than simple 
injection of bacteria with or without adjuvants. Neverthe- 
less, average survival time is still short, usually less than 
i week, and survivors often completely clear their infec- 
tions. 
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Although nutrition has been believed to be.an impor- 
tant determinant of outcome in bacterial infections in 
humans, this has been a difficult supposition to study in 
a relevant animal model. The major problems related to 


current models are that infected animals will often not 


eat what is intended for them and that the effects of nu- 
tritional intervention. often do not become manifest for 
several days after it is instituted—too late to make a dif- 
ference. As a consequence, virtually no experimental data 
are available to guide selective nutritional support for es- 
tablished bacterial peritonitis in humans. | 
Development of a guinea pig model that uses contin- 
uous pump-controlled gastrostomy feedings has allowed 
the dissection of several variables to optimize nutritional 
support after thermal injury.*'> This model has been 
modified to study the effects of enteral nutrition on the 
outcome of peritonitis caused by constant infusion of 
bacteria via an osmotic pump, a technique that allows 
severely infected animals to survive for weeks rather than 


for days. 


Materials and Methods 


Preliminary Studies 


For the purposes of this study, a model was developed 
in which chronic peritonitis could be consistently repro- 
duced, and continuous pump-controlled gastrostomy tube 
feeding was employed to study the influence of dietary 
composition on outcome. Escherichia coli and Staphy- 
loccus aureus in equal quantities were selected to produce 
a polymicrobial aerobic, mixed gram positive-gram neg- 
ative peritonitis. Intraperitoneal infusion of live bacteria 
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was accomplished with osmotic pumps (Alzet®2ML1, 
Alza Co., Palo Alta, CA). The osmotic pumps are con- 
structed of three concentric cylinders, the inner one an 
impermeable pliable bag for the bacteria, and the outer 
two cylinders cellulose and salt that swell with fluid from 
the peritoneal cavity and compress the inner cylinder.'® 
Implantation of the bacteria-filled pump alone produced 
rapid mortality, so a 100-cm Silastic line was added to 
the end of the osmotic pump to delay release of bacteria 
and to increase the survival time. With these parameters, 
animals without gastrostomies were allowed to feed ad 
libitum after implantation of an osmotic pump containing 
E. coli and S. aureus at concentrations of 10° or 107. Av- 
erage survival was 16 days and 12 days, respectively, with 
a 50% mortality by Day 14, after implantation of the 
pump. There was no mortality in the group of animals 
that were given pumps without bacteria. 

Twenty-two animals were then given a gastrostomy | 
week before implantation of the bacteria-filled osmotic 
pump, but were allowed to eat natural chow ad libitum. 
The pumps were filled with tenfold dilutions of bacteria 
from 10° to 10’. With an infusion of bacteria at concen- 
trations of 10°, the animals died between 4 and 9 days— 
too short a period for nutritional intervention. By Day 
18, a mortality of 50% was seen at doses of 10’ and 108 
with an 8-15% weight loss by time of death. Up to Day 
21, sporadic mortality was seen at an infusion of 10° bac- 
teria. Therefore, the dose of 1 cc of 10° E. coli and 10° S. 
aureus was chosen for subsequent studies. 

The diet formulation used was previously found to be 
optimal for nutritional support for burned guinea pigs at 
175 kcal/kg/day’ (Table 1). When this diet was started on 
the day of osmotic pump implantation, all animals died 
of severe ileus. When 14 animals were allowed to eat ad 
libitum for 3 days after osmotic pump implantation before 
enteral diets were started, all survived for at least 6 days 
while receiving enteral feedings. 


Surgical Procedures 


Hartley guinea pigs (Murphy Laboratories, Plainfield, 
Indiana) weighing 370-400 g were provided with intra- 
gastric feeding tubes by surgical placement of a gas-ster- 
ilized silicone tube (size 0.157 cm ID, 0.24 cm OD, length 
50-cm; Dow Corning Medical Grade, Midland, MI). 
While the animals were under general anesthesia (ket- 
amine HCI 50 mg/kg, acepromazine maleate 0.2 mg/kg, 
atropine sulfate 0.04 mg/kg) the abdomen, neck, and in- 
terscapular areas were clipped to remove hair and painted 
with povidone-iodine. A gastrostomy was performed as 
previously described.®’ The free end of the tube was tun- 
neled subcutaneously around the left hemi-thorax to exit 
via a stab wound in the upper interscapular region, later 
to be connected to the diet infusion system. The tube was 
flushed with saline and capped. For 10 days, the animals 
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TABLE 1. Composition of Basic Diet 
Amount 
Nutrient sources 
Protein (Promix R.P.D.®*) 62.5 g/L 
Fat (Microlipid®t) 27 mi/L 
Carbohydrate 
(Nutrisource®f) 212 ml/L 
Electrolyte and vitamin solution (amount per liter) 
NaCl (2.5 mEq/ml) 24 mi 
KC! (2 mEq/ml) 10 ml 
K acetate (2 mEq/ml) 24 ml 
'K phosphate (3 mM/ml) 10 ml 
Ca gluconate (0.1 g/ml) 24 mi 
MegS0O4 (4 mEq/ml) 24 mi 
MTESA 6 mi 
Multi-vitamin concentrate! 5 ml 
Vitamin C 500 mg 
Vitamin E 100 mg 
Choline chloride 500 mg 
Folic acid 2 mg 


* Navaco Laboratories, Phoenix, AZ. 

t Organon, Inc., (Bioresearch), West Orange, NJ. 

¢ SandozNutrition, Minneapolis, MN. 

§ MulTE-PAK-5®, Smith & Nephew, Franklin Park, IL. Each liter 
of diet contains: 6 mg of zinc, 2.4 mg of copper, 0.6 mg of manganese, 
24 ug of chromium, and 120 ug of selenium. 

 LyphoMed®, Melrose Park, IL. Each liter of diet contains (from Multi- 
vitamin concentrate): 2.5 g of ascorbic acid, 50,000 IU of vitamin A, 
5000 IU of vitamin D, 250 mg of thiamine HCL, 50 mg of riboflavin, 
75 mg of pyridoxine HCL, 500 mg of niacinamide, 125 mg of dexpan- 
thenol, and 25 IU of vitamin E. 


were caged individually, taking Guinea Pig Pellet Diet 
(Wayne® Feeds Research Division, Libertyville, IL) and 
water ad libitum. This allowed time to regain the more 
than 10% body weight loss that occurred immediately after 
surgery. . 

After this stabilization, the animals underwent a lap- 
arotomy under general anesthesia to place a bacteria-filled 
osmotic pump into the right lower quadrant, to keep the 
pump away from the gastrostomy. The guinea pigs were 
then placed into individual metabolic cages and allowed 
to eat ad libitum for 3 days. On Day 3, the animals were 
randomized into experimental groups. 


Preparation of Bacteria 


For 18 hours before implantation of the pump, cultures 
of E. coli 53104 (courtesy of Dr. Richard Simmons, Min- 
neapolis, MN) and S. aureus 502A were each incubated 
in Trypticase soy broth (Becton-Dickinson, Cockeydille, 
Maryland) in a 37 C oscillating water bath. The cultures 
were centrifuged at 2000 rpm for 5 minutes, and the re- 
sulting pellets were washed in 0.9% NaCl. After the final 
wash, the pellets were serially diluted in sterile saline to 
achieve a final concentration of 2 X 10° bacteria per ml. 
An equal mixture was then made containing 1.0 x 10° 
each of the E. coli and S. aureus. 
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TABLE 2. Daily Dietary Intake of Experimental Groups 


Daily Dietary Intake Group 1 (n = 175) 
Water (ml) 14,29 
a (0.91) 
Basic Diet (ml) ` 54.11. 
i (1.10) 
Total volume (ml/animal) - 68.88 
; (0.80) 
Total volume (ml/kg) ' 155.68 
(1.92) 


Values expressed as mean (SEM). 


Preparation of the Osmotic Pumps 


Using aseptic technique, each osmotic pump (Alzet 
Osmotic Pump, Model 2 MLI, Alza Co., Palo Alto, CA) 
was filled with 2 ml of the Æ. coli/S. aureus mixture. To 
the bottom of the flow moderator, a small amount of 
silicone bonding (Medical Adhesive Silicone Type A, Dow 
Corning, Midland, MI) was added, and the flow moderator 
was placed into the pump. Excess silicone was removed 
by wiping with a sterile gauze. The silicone was added to 
create a seal between the flow moderator and the osmotic 
pump through which the bacteria could not escape. The 
copolymer cap was then removed and a coil of sterile 
silicone tubing (size: 0.06 cm ID, 0.12 cm OD, 
Dow Corning Medical Grade, Midland, MI) 100 cm in 
length was attached to the exposed stainless steel tube. 
The coil was secured with three ties of 5-0 suture. The 
‘filled pumps with coil were then set aside for 20 minutes 
to dry ahd were then implanted. - 

The volume of the tubing was 0.350 ml, and there was 
a residual 0.102 ml in the spent pump. Thus, total delivery 
from each pump was 1.602 ml. After approximately a 4- 
hour delay after implantation, the pumps began delivery 
of the reservoir contents into the tubing. The pumps had 
a flow delivery rate of 0.00863 ml/hour and began actual 
delivery of bacteria into the peritoneal cavity between 34 
and 36 hours after implantation.. 


Experimental Groups 


On Day 3 after osmotic pump placement, 48 animals 
were randomized and placed on one of four diets differing 
only in concentration: Group 1 received 175 kcal/kg/day, 
Group 2 received 150 kcal/kg/day, Group 3 received 125 
kcal/kg/day, and Group 4 received 100 kcal/kg/day (Table 
2). The composition of the basic diet is shown in Table 
1. The animals were fed for 14 days via the gastrostomy 
by continuous pump-controlled infusion (Holter pump, 
Cat. #903, Critikon, Bound Rock, NY). The same diet 
was used for all animals, diluting it with water to achieve 
the desired caloric density. All animals received equivalent 
volumes of fluid daily. 


Group 2 (n = 150) 


Group 3 (n = 125) Group 4 (n = 100) 


21.77 33.00 ` 29.28 
(1.66) (1.33) (1.47) 
49.33 45.85 41.77 
(1.91) © (2.02) (2.03) 
70.22 78.85 71.00 
(0.22) (3.01) (3:50) 
157.30 161.74 160.27 
(0.49) (4.26) (4.71) 


The animals were weighed daily, and urine samples 
were taken at the same time of day throughout the ex- 
periment without stopping the continuous feedings. All 
animals that survived for 14 days after starting the diet 


(17 days after pump implantation) were killed by exsan- 


guination from cardiac puncture while under general 
anesthesia . 
Wet weight of the carcass consisting of skeleton and- 


- musculo-fascial structures was measured after the animal _ 


had been completely skinned, eviscerated, decapitated, 
and after the feet were excised. By suspending a standard 
weight from one end of the gut, creating a uniform degree 
of tension, a 10-cm segment of proximal jejunum, 10cm | 
beyond the pyloroduodenal junction, was cut for mucosal 
sampling. The segment was scraped with a spatula ac- 
cording to a previously described technique!’ and the wet 
weight of the mucosa was obtained. A second 10-cm seg- 
ment beginning 10 cm proximal to the ileocecal valve was 
similarly prepared. Both gastrocnemius muscles were re- 
moved and weighed with the average weight calculated. 
The liver, spleen, and adrenal glands were also weighed. 
Selected organ weights were recorded to compare with 
controls having a gastrostomy placement. | 

Resting energy expenditure (REE) was measured by 
indirect calorimetry with a computerized Respiratory Gas. 


Monitor (Webb Associates Inc., Yellow Springs, OH). In- 


dividual guinea pigs were placed in a small chamber con- 
nected to the gas monitor for 30 minutes. The volumes 
of O; consumption and CO, production during this period 
were usce. to calculate the metabolic rate by the Weir . 
equation.'® 

Albumin concentration was determined by the bro- 
mocresol!’ green method (Gilford Diagnostics, Cleveland, 
OH). Transferrin and C, were measured by laser nephe- 
lometry (Immunochemistry Analyzer II, Beckman In- 
struments Inc., Fullerton, CA) with appropriate antisera. 

In conducting the described research in this report, the 
investigators adhered to the Guide of Laboratory Animal 
Facilities Care as set forth by the Committee on the Guide 
for Laboratory Animal Resources, National Academy of 
Sciences——-National Research Council and the regulations 
of the National Institutes of Health. 
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Statistics 

Statistics were calculated on a Macintosh SE™ com- 
puter (Apple Computer, Inc., Cupertino, CA) using Stat- 
view 512+'™ software (BrainPower, Inc., Calabasas, CA). 
Animal weights were compared by one-way analysis of 
variance (ANOVA) and significant comparisons noted 
with Fisher’s test of least significant difference (LSD), ac- 
cepting an 4 level of significance of 0.05. Mortality data 
were compared using the two-tailed Z test for population 
frequencies, and the a level was adjusted to 0.01 by the 
Bonferroni” correction for multiple tests. Length of sur- 
vival for those animals that succumbed before 2 weeks 
was compared using the Kruskal-Wallis ANOVA. Com- 
parisons of selected organ weights, muscle weights, and 
serum proteins were made between Group 3 and controls, 
and between Group 4 and controls, using Student’s t-test 
with an a level of 0.05. 


Results 


During the first day after insertion of the osmotic pump, 
the animals spontaneously ingested 79.4 + 5.5 kcal/kg 
of normal guinea pig chow. They ingzsted 87.1 + 9.0 kcal/ 
kg during the second day, and 165.6 + 26.2 kcal/kg during 
the third day. This compared with an average intake of 
124.0 + 2.7 kcal/kg/day for normal guinea pigs weighing 
400 g and an average intake of 110.7 + 13.0 kcal/kg/day 
for animals between the time of gastrostomy and insertion 
of the pump. 

Sporadic diarrhea (defined as loose stools present on 
two consecutive days) was noted among the groups, but 
always resolved spontaneously and was never a premorbid 
finding. Because diarrhea could lead to fluid losses that 
would contribute to death, urine output among the four 
groups on all days was compared. The mean daily urine 
output in Group 1 ranged from 24 to 60 ce/day, in Group 
2, from 23 to 55 cc/day, in Group 3, from 19 to 51 cc/ 
day, and in Group 4, from 26 to 53 cc/day. Comparison 
by ANOVA showed no significant differences (p > 0.05). 
Thus oliguria suggestive of volume depletion was not a 
dominant characteristic of any group. 

Resting energy expenditure was measured in four an- 
imals in Group 3 only. Mean baseline REE was 199.1 
kcal/kg/day before gastrostomy. Before osmotic pump 
placement | week later, this rose to 267.725 kcal/kg/day. 
Five days after pump placement (during active peritonitis), 
the mean baseline REE fell back to 206.425 kcal/kg/day. 
Although the numbers are too small to analyze statisti- 
cally, these data suggest that the animals were not hyper- 
metabolic during peritonitis. 

Comparisons of changes in weight for these groups were 
analyzed by ANOVA (Fig. 1). Interestingly, on Days 4, 
8, 9, and 11 of nutritional support, the animals of Group 
1, receiving the highest caloric intake, lost weight com- 
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Fic. 1. Weight changes in the four groups of animals given different 
amounts of food, beginning the day enteral nutrition was started. Gas- 
trostomy feedings were begun on the third day after peritoneal pump 
placement. . 


pared with those of Group 2, and compared with those 
of Group 3 on Days 8 and 9 (Fisher’s test of LSD). As 
expected, animals in Group 4 (those that received 100 
kcal/kg/day) lost approximately 15% of their body weight. 
In addition, these animals became emaciated and gaunt. 
For humane reasons, this arm of the experiment was dis- 
continued after seven animals experienced this loss in 
body weight. 

However, despite a greater weight loss, animals fed the 
hypocaloric diet had a survival rate of 57.2%, significantly 
greater than the 0% survival rate of Groups 1 and 2 (p 
= (0.0008 and p = 0.0088, respectively, Fig. 2). In addition, 
survival for the animals of Group 3 was better than that 
for those of Group 1 (p = 0.0066). There was no différénce 


_in survival between Groups 3 and 4 (p = 0.4238). 


The median length of survival of the animals that died 
was 5.5 days in Group 1, 5 days in Group 2, 3.5 days in 
Group 3, and 8 days in Group 4—differences that were 
not significant (p > 0.05 Fig. 3). 

All animals that died were autopsied with the findings 
of either extensive peritonitis with free fluid and/or ex- 
tensive pneumonia (Table 3). There was no evidence of 
aspiration. 


p values (z test) 


Avs. C: 0.0066 
Avs. D: 0.0008 
Bys.C 0.0348 
B vs. O 0.0088 
Cvs. D 0.4238 


% Mortality 


a =.01 





intake: Keai/Kg/day 


Fic. 2. Mortality in infected animals related to the amounts of food 
intake. It is apparent that overfeeding increased mortality. 
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Fic. 3. Length of survival in days among animals that died, related to 


caloric intake. 


All ten animals that survived for 17 days after pump 


implantation had walled-off abscesses surrounding the 
pump and tubing measuring an estimated 1-3 mlin vol- 


ume. Quantitative cultures of the abscess contents showed . 


approximately 1 X 10° £. coli/ml and 1 X 107 S. aureus/ 
ml in Groups 1, 2, and 4, and approximately 1 10° for 
each organism in Group 3. Spleen, lungs, liver, and ad- 
renals harvested sterilely when the animals were killed 


TABLE 3. Necropsy Findings 


Group Pneumonia Infected Peritoneal Fluid 

Group 1 (n = 16) 

175 kcal li va 10 
Group 2 {n = 9) 

150 kcal 4 l T 
Group 3 (n = 16) 

125 kcal 4 > 7 
Group 4 (n = 7) 

100 kcal ; r2 l 
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TABLE 4. Selected Organ and Muscle Weights of Surviving Animals — 


Controls* Group 3 Group 4 

Weights (n = 7) (n = 6) (n = 4) 

Starting weight (g) 405.28 431.58 421.1 
(20.82) (12.91) (19.02) 

Sacrifice weight (g) 374 404 349 

' — (20)- (21.57) (8.33) 

L-ver (g) 17.26 17.40 15.80 

, ; (1.07) (1.70). (1.30) 
Gastrocnemius (g) _. 1.05 1.80 1.78 
(0.01) (0.20) - (0.15) 

Carcass (g) 123.6 122.1 113.0 

(8) (13.7) (3.4) — 

Carcass/Starting weight . 33.04 27.30 26.70 
x 100 (8.01) (1.7) (0.5) 
Jejunal mucosa (mg/10 cm) 351 - 406 233 
(20) (49) (15) 
Hzal mucosa (mg/i0 cm) 315 327 293 

i (47.0) (37) (10.8) 

Spleen (g) 1.02 0.89 0.93 

l (0.18) (0.14) - (0.17) 

- Adrenal (g) - 0.28 0.39 0.38 
i (0.03) (0.23) - (0.03) 


* 1 week postgastrostomy, without peritoneal pump. 
Values expressed as mean (+SEM). 


yielded no bacterial growth when homogenized and cul- 
tured. | ae 
Examination of organ and muscle weights of surviving 
animals (Table 4) showed evidence of stress in the infected 
animals (decreased spleen and increased adrenal weights, 
p < 0.05). There was a surprisingly disproportionate loss 
in gut mucosal weight in the animals that survived best 
(100 kcal/kg/day), but these animals also lost considerably 
more weight than those of the other groups (Fig. 1), and 
there were some technical difficulties in the measurements 
because extensive adhesions often made it impossible to 


- gaparate the intestinal loops without destroying the integ- 


rity of the section to be scraped. . 

Serum albumin, transferrin, and C; measurements for 
animals sacrificed after 14 days of receiving the diet are 
siown in Table 5. Albumin was significantly lower in the 
experimental groups than in controls, and transferrin was 
higher (p < 0.05). There was no difference in C3. 


Discussion 


Previous animal models of bacterial peritonitis/abscess 


‘have not allowed survival for a long enough period of 


time to test variations in essential nutrients for their effect 
an outcome. Use of an osmotic pump as described in this 
report will deliver a continuous infusion of bacteria into 


_ the abdomen over a 7-day period. By varying the numbers 


and types of bacteria, mortality can be increased or de- 
creased and extended or shortened to achieve a desired 
end-point. With the appropriate inoculum, the animals 
at first develop a diffuse peritonitis, which later becomes 
localized if the animals do not die. The abscess persists 
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after the infusion ceases because of the presence of the ` 


large foreign body, but the abscess may gradually diminish 
in size and bacterial content. In the present experiments, 
all of the surviving animals were killed 17 days after im- 
plantation of the pump, and it is nct known if they would 
have eventually died without removal of the foreign body. 
Preliminary studies in spontaneously feeding animals 
without gastrostomy implanted with osmotic pumps con- 
taining 1 X 10° E. coli and 1 X 10° S. aureus showed that 
about half of the animals died by the end of 2 weeks. 
Prior placement of a gastrostomy tube allows admin- 
istration of a liquid diet that can be altered at will with 
regard to individual nutrients and schedule for delivery. 
The formulation used in this experzment was found to be 
optimal for nutritional support of burned guinea pigs, 
requiring 175 kcal/kg/day to prevent weight loss after a 
30% burn. In over 1000 burned animals treated with this 
diet or a variant by gastrostomy, diarrhea (two consecutive 
days of loose stools) was only very sporadic, and aspiration 
does not occur. The osmolality of the undiluted diet, 750 
mOsm /I is associated with decreased diarrhea in both an- 
imals and humans because of a low lipid content. In 
burned animals, 200 kcal/kg/day was well-tolerated and 
resulted in weight gain. Although good for burn injury, 
even lesser quantities caused death of animals with sepsis. 
The finding that overfeeding had an adverse effect and 
that underfeeding (100 kcal/kg/day), although associated 
with a significant weight loss, resulted in improved survival 
is of great interest because it might be postulated that 
more energy and more protein would be required to meet 
the hypermetabolic demands known to be associated with 
septic peritonitis. However, similar results were found with 
rats fed 1.8 times the normal caloric requirements by gas- 
trostomy for 6 days before cecal ligation and puncture. 
Although weight gain and nitrogen balance in those an- 


imals were superior to those of controls, septic mortality . 


was significantly greater.7! 

Although overfeeding may improve some nutritional 
parameters, it may also stimulate bacterial virulence, as 
it is well-known that certain nutrients, such as Fe**, are 
preferentially used by bacteria.” Reductions of the intake 
of iron by the host may favor survival in bacterial infec- 
tion, whereas giving an excess of iron may increase mor- 
tality.7°°* Furthermore, binding of iron by transferrin or 
chelators may favor the host by making less free iron 
available to the bacteria.” In the present study, all nu- 
trients were decreased proportionately, so simple caloric 
intake cannot be implicated as a sole factor in the differ- 
ence in outcome, although it may be involved. It is clear 
that feeding the host also feeds the microbes that cause 
sepsis and that there may be benefit by selectively limiting 
some nutrients. 

Enteral feedings were chosen for these studies because 
the opportunities for variation in nutrient content are 
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TABLE $. Serum Proteins in Surviving Animals 

Control* Group 3 Group 4 

(n = 7) (n = 6) (n = 4) 
Albumin (g/l) 2.6 1.7 1.8 
(p = 0.00007) (0.1) (0.2) 
Transerrin (% of control) 100 189.2 193.7 
(p = 0.00005) (12.6) (24.6) (21.7) 
C: (% of control) 100 99.14 101.5 
[p = NS] (10.1) (11.9) (7.3) 


* Normal guinea pigs. 

+ Analysis by Students t-test with controls. 

Values expressed as mean (SEM). 

Groups | and 2 are not represented because there were no survivors. 


much greater than with intravenous feedings. Also, in a 
variety of other conditions, the enteral route is more ef- 
fective than the parenteral route, having clinical relevance. 
However, preliminary studies showed that beginning the 
gastrostomy feedings immediately after insertion of the 
osmotic pump was not tolerated well because of a transient 
ileus. For this reason, the gastrostomy feedings were de- 
layed for 3 days, but the animals were allowed to feed ad 
libitum. Thereafter, no problems were encountered with 
the enteral feedings. 
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E Highly active in vitro against a broad range of 
gram-positive and gram-negative pathogens, induding 
Pseudomonas aeruginosa and methicillin-resistant 
Staphylococcus aureus 


E For treatment of infections’ in the: 
— lower respiratory tract — urinary tract 
—skin/skin structure -bones and joints 


E Well tolerated — low incidence of side effects 


For further information, contact the Miles Information Service: 
1-800-642-4776. (In VA, call collect: 703-391-7888.) 
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BRIEF SUMMARY 
CONSULT PACKAGE INSERT FOR FULL PRESCRIBING INFORMATION 


INDICATIONS AND USAGE 

Cipro is indicated for the treatment of infections caused by susceptible strains of the designated micro- 
organisms in the conditions listed below 
Lower Respiratory Infections caused by Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae, 
Proteus mirabilis, Pseudomonas aeruginosa, Haemophilus influenzae, Haemophilus parainfluenzae, and Strep- 
tococcus pneumoniae. 
Skin and Skin Structure Infections caused by Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae, 
Proteus mirabilis, Proteus vulgaris, Providencia stuartii, Morganella morganu, Citrobacter freundii, 
Pseudomonas aeruginosa, Staphylococcus aureus (penicillinase and nonpenicillinase-producing strains), 
Staphylococcus epidermidis, and Streptococcus pyogenes 
Bone and Joint Infections caused by Enterobacter cloacae, Serratia marcescens, and Pseudomonas 
aeruginosa 
Urinary Tract Infections caused by Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae, Serratia 
marcescens, Proteus mirabilis, Providencia rettgeri, Morganella morganu, Citrobacter diversus, Citrobacter 
freund, Pseudomonas aeruginosa, Staphylococcus epidermidis, and Streptococcus faecalis 
Infectious Diarrhea caused by Escherichia coli (enterotoxigenic strains), Campylobacter jejuni, Shigella 
flexner* and Shigella sonnei* when antibacterial therapy is indicated 
*Efficacy for this organism in this organ system was studied in fewer than 10 infections 

Appropriate culture and susceptibility tests should be performed before treatment in order to isolate and 
identify organisms causing infection and to determine their susceptibility to ciprofloxacin. Therapy with Cipro® 
may be initiated before results of these tests are known; once results become available appropriate therapy 
should be continued. As with other drugs. some strains of Pseudomonas aeruginosa may develop resistance 
fairly rapidly during treatment with ciprofloxacin. Culture and susceptibility testing performed periodically during 
therapy will provide information not only on the therapeutic effect of the antimicrobial agent but also on the 
possible emergence of bacterial resistance 

CONTRAINDICATIONS 
A history of hypersensitivity to ciprofloxacin is a contraindication to its use A history of hypersensitivity to other 
quinolones may also contraindicate the use of ciprofloxacin 
WARNINGS 
CIPROFLOXACIN SHOULD NOT BE USED IN CHILDREN, ADOLESCENTS. OR PREGNANT WOMEN The oral 
administration of ciprofloxacin caused lameness in immature dogs. Histopatholagical examination of the weight- 
bearing joints of these dogs revealed permanent lesions of the cartilage Related drugs such as nalidixic acid, 
cinoxacin, and norfloxacin also produced erosions of cartilage of weight-bearing joints and other signs of 
arthropathy in immature animals of various species (SEE ANIMAL PHARMACOLOGY SECTION IN FULL 
PRESCRIBINGeINFORMATION). 
PRECAUTIONS 


General: As with other quinolones, ciprofloxacin may cause central nervous system (CNS) stimulation, which 
may lead to tremor, restlessness, lightheadedness, confusion, and very rarely to hallucinations or convulsive 
seizures Therefore, ciprofloxacin should be used with caution in patients with known or suspected CNS 
disorders, such as severe cerebral arteriosclerosis or epilepsy, or other factors which predispose to seizures (SEE 
ADVERSE REACTIONS) 
Quinolones may also cause anaphylactic reactions and cardiovascular collapse. Anaphylactic reactions may 
require epinephrine and other emergency measures 
Crystals of ciprofloxacin have been observed rarely in the urine of human subjects but more frequently in the 
urine of laboratory animals. Crystalluria related to ciprofloxacin has been reported only rarely in man, because 
human urine ıs usually acidic. Patients receiving ciprofloxacin should be well hydrated, and alkalinity of the urine 
should be avoided The recommended daily dose should not be exceeded. Alteration of the dosage regimen is 
necessary for patients with impairment of renal function (SEE DOSAGE AND ADMINISTRATION SECTION IN 
FULL PRESCRIBING INFORMATION) 
Drug Interactions: Concurrent administration of ciprofloxacin with theophylline may lead to elevated plasma 
concentrations of theophylline and prolongation of its elimination half-life This may result in increased risk of 
theophylline-related adverse reactions If concomitant use cannot be avoided plasma levels of theophylline 
should be monitored and dosage adjustments made as appropriate 
Antacids containing magnesium hydroxide or aluminum hydroxide may interfere with the absorption of 
ciprofloxacin, resulting in serum and urine levels lower than desired; concurrent administration of these agents 
with ciprofloxacin should be avoided 
Probenecid interferes with the renal tubular secretion of ciprofloxacin and produces an increase in the level of 
ciprofloxacin in the serum. This should be considered if patients are receiving both drugs concomitantly 
As with other broad-spectrum antibiotics, prolonged use of ciprofloxacin may result in overgrawt) of 
nonsusceptible organisms. Repeated evaluation of the patient's condition and microbial susceptibility testing is 
essential. If superinfection occurs during therapy, appropriate measures should be taken 
Information for Patients: Patients should be advised that ciprofloxacin may be taken with or without meals 
The preferred time of dosing is two hours after a meal, Patients should also be advised to drink fluids liberally and 
not take antacids containing magnesium or aluminum concomitantly or within two hours after dosing 
Ciprofloxacin may cause dizziness or lightheadedness. therefore patients should know how they react to this drug 
before they operate an automobile or machinery or engage in activities requiring mental alertness or 
coordination 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Eight in vitro mutagenicity tests have been 
conducted with ciprofloxacin and the test results are listed below 
Salmonella/Microsome Test (Negative) 
E coli DNA Repair Assay (Negative) 
Mouse Lymphoma Cell Forward Mutation Assay (Positive) 
Chinese Hamster Vj, Cell HGPRT Test (Negative) 
Syrian Hamster Embryo Cell Transformation Assay (Negative) 
Saccharomyces cerevisiae Point Mutation Assay (Negative) 
Saccharomyces cerevisiae Mitotic Crossover and Gene Conversion Assay (Negative) 
Rat Hepatocyte DNA Repair Assay (Positive) 
Thus, two of the eight tests were positive, but the following three in vivo test systems gave negative results 
Rat Hepatocyte DNA Repair Assay 
Micronucleus Test (Mice) 
Dominant Lethal Test (Mice) 
Long-term carcinogenicity studies in animals have not yet been completed 
Pregnancy - Pregnancy Category C: Reproduction studies have been performed in rats and mice at doses up 
to six times the usual daily human dose and have revealed no evidence of impaired fertility or harm to the fetus 
due to ciprofloxacin. In rabbits, as with most antimicrobial agents, ciprofloxacin (30 and 100 mg/kg orally) 
produced gastrointestinal disturbances resulting in maternal weight loss and an increased incidence of abortion 


CONVENIENT B./.D. DOSAGE 


Dosage guidelines 


Mild/Moderate Infections: 500 mg qi2h 
Severe/Complicated Infections: 750 mg q12h 


No teratogenicity was observed at either dose. After intravenous administration, at doses up to 20 mg/} 
maternal toxicity was produced, and no embryotoxicity or teratogenicity was observed. There are, howev 
adequate and well-controlled studies in pregnant women. SINCE CIPROFLOXACIN, LIKE OTHER DRUGS | 
CLASS. CAUSES ARTHROPATHY IN IMMATURE ANIMALS, IT SHOULD NOT BE USED IN PREGNANT WC 
(SEE WARNINGS) 

Nursing Mothers: |t is not known whether ciprofloxacin is excreted in human milk; however, it is know! 
ciprofloxacin is excreted in the milk of lactating rats and that other drugs of this class are excreted in human 
Because of this, and because of the potential for serious adverse reactions from ciprofloxacin in nursing infa 
decision should be made to discontinue nursing or to discontinue the drug, taking into account the importar 
the drug to the mother 

Pediatric Use: Ciprofloxacin should not be used in children because ıt causes arthropathy in immature an 


(SEE WARNINGS) 
ADVERSE REACTIONS 
Ciprofloxacin ıs generally well tolerated During clinical investigation, 2,799 patients received 2,868 cour: 
the drug. Adverse events that were considered likely to be drug related occurred in 7 3% of courses, po: 
related in 9.2%, and remotely related in 3.0% Ciprofloxacin was discontinued because of an adverse ew 
3.5% of courses, primarily involving the gastrointestinal system (15%), skin (0.6%), and central nervous s} 
(0 4%) 
The most frequently reported events. drug related or not, were nausea (5.2%), diarrhea (2 3%), vomiting (2 
abdominal pain/discomfort (1.7%), headache (1 2%), restlessness (1 1%), and rash (1.1%} 
Additional events that occurred in less than 1% of ciprofloxacin courses are listed below. Those typi 
quinolones are italicized 
GASTROINTESTINAL: (See above), painful oral mucosa, oral candidiasis, dysphagia, intestinal perfor 
gastrointestinal bleeding 
CENTRAL NERVOUS SYSTEM. (See above), dizziness, lightheadedness, insomnia, nightmares. hall. 
tions, manic reaction, irritability, tremor, ataxia, convulsive seizures, lethargy. drowsiness, weak 
malaise, anorexia, phobia, depersonalization, depression, paresthesia 
SKIN/HYPERSENSITIVITY: (See above), pruritus, urticaria, photosensitivity, flushing, fever, c 
angioedema, edema of the face, neck, lips, conjunctivae or hands, cutaneous candidiasis, hyperpigm 
tion, erythema nodosum 
Allergic reactions ranging from urticaria to anaphylactic reactions have been reported 
SPECIAL SENSES. blurred vision, disturbed vision, (change in color perception, overbrightness of Ii 
decreased visual acuity, diplopia, eye pain, tinnitus, bad taste 
MUSCULOSKELETAL: joint or back pain, joint stiffness, achiness, neck or chest pain, flare-up of gou! 
RENAL/UROGENITAL: interstitial nephritis, renal failure, polyuria, urinary retention, urethral blee 
vaginitis, acidosis 
CARDIOVASCULAR palpitations, atrial flutter, ventricular ectopy, syncope, hypertension, angina pec 
myocardial infarction, cardiopulmonary arrest, cerebral thrombosis 
RESPIRATORY epistaxis, laryngeal or pulmonary edema, hiccough, hemoptysis, dyspnea, bronchosp 
pulmonary embolism 
Most of these events were described as only mild or moderate in severity, abated soon after the drug 
discontinued, and required no treatment 
In several instances, nausea, vomiting, tremor, restlessness, agitation, or palpitations were judge 
investigators to be related to elevated plasma levels of theophylline possibly as a result of a drug interaction 
ciprofloxacin 
Adverse Laboratory Changes: Changes in laboratory parameters listed as adverse events without rega 
drug relationship 
Hepatic — Elevations of ALT (SGPT) (1.9%) AST (SGOT) (1.7%, alkaline phosphatase (0.8% } LDH (0 
serum bilirubin (0.3%), 
Hematologic - eosinophilia (0.6%), leukopenia (0.4%), decreased blood platelets (0.1%), elevated t 
platelets (0 1%), pancytopenia (0.1%) 
Renal - Elevations of: Serum creatinine (1.1%), BUN (0.9%) 
CRYSTALLURIA, CYLINDRURIA, AND HEMATURIA HAVE BEEN REPORTED 
Other changes occurring in less than 0.1% of courses were: Elevation of serum gammaglutamy! transfe 
elevation of serum amylase, reduction in blood glucose. elevated uric acid, decrease in hemoglobin, ane 
bleeding diathesis, increase in blood monocytes, and leukocytosis 
OVERDOSAGE 
Information on overdosage in humans ıs not available. In the event of acute overdosage, the stomach shou 
emptied by inducing vomiting or by gastric lavage. The patient should be carefully observed and given suppe 
treatment. Adequate hydration must be maintained. In the event of serious toxic reactions from overdo: 
hemodialysis or peritoneal dialysis may aid in the removal of ciprotloxacin from the body, particularly if 


function is compromised 
DOSAGE AND ADMINISTRATION 

The usual adult dosage for patients with urinary tract infections is 250 mg every 12 hours. For patients 
complicated infections caused by organisms not highly susceptible, 500 mg may be administered every 12 h 

Respiratory tract infections, skin and skin structure infections, and bone and joint infections may be tre 
with 500 mg every 12 hours. For more severe or complicated infections, a dosage of 750 mg may be given eve 
hours 

The recommended dosage for infectious diarrhea is 500 mg every 12 hours 

In patients with renal impairment, some modification of dosage is recommended (SEE DOSAGE 
ADMINISTRATION SECTION IN FULL PRESCRIBING INFORMATION) 

HOW SUPPLIED 

Cipro” (ciprofloxacin HCI/Miles) is available as tablets of 250 mg, 500 mg, and 750 mg in bottles of 50, ai 
Unit-Dose packages of 100 (SEE FULL PRESCRIBING INFORMATION FOR COMPLETE INFORMATION) 





*Due to susceptible strains of indicated pathogens. See indicated organisms in 
Prescribing Information. 


For further information, contact the Miles Information Service: 
1-800-642-4776. In VA. call collect: 703-391-7888. 
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Hemodynamic and Oxygen Transport Effects of 
Pentastarch in Burn Resuscitation 





KENNETH WAXMAN, M.D., RONALD HOLNESS, M.D., GAIL TOMINAGA, M.D., PAULA CHELA, R.N., 


If nonprotein colloid plasma expanders could be demonstrated 
to be safe and efficacious in burn resuscitation, a significant cost 
benefit would result. This study was a randomized cross-over 
comparison of 500 ml of 5% albumin and 500 ml of 10% pen- 
tastarch, a new hydroxyethyl] starch, in acute burn resuscitation. 
Pentastarch was an effective plasma expander, resulting in in- 
creases of preload, cardiac output, oxygen delivery, and oxygen 
consumption; the hemodynamic effects of pentastarch infusion 
were equal or superior to those of albumin. Both albumin and 
pentastarch infusions resulted in increased bleeding and clotting 
times; these effects were most likely dilutional. Pentastarch is 
2 promising plasma substitute for burn resuscitation; the effects 
of a 500 ml infusion are equal or superior te those of albumin. 
Further study is necessary to assess the safety of larger infusion 


volumes. 
F in most burn centers includes intravenous (I.V.) 
infusion of large volumes of albumin solutions. 
A major problem with this practice is the very high cost 
of albumin infusions. It is clear that if alternative, less 
expensive colloids, not derived from human plasma, could 
be demonstrated to be safe and efficacious in burn resus- 
citation, a significant cost benefit would result. 

The potential efficacy of nonprotein colloid plasma ex- 
panders in burn resuscitation has been suggested by studies 
with dextran in animal models.’ However, dextrans have 
not been widely used clinically, primarily because of con- 
cerns that dextran infusion might result in increased 
bleeding. Other important concerns with dextran include 
its potential adverse effect on the reticuloendothelial sys- 
tem, allergic reactions, possible renal toxicity, and prob- 
lems with cross-matching of blood.” The safety and eff- 
cacy of other plasma substitutes, including gelatins, for 
burn resuscitation have not been reported. 


LUID RESUSCITATION of seriously burned patients 


Supported in part by the Critical Care Foundation. 

Reprint requests and corresponder.ce: Kenneth Waxman, M.D., Uni- 
versity of California, Irvine Medical Center, 101 City Drive South, Or- 
ange, CA 92668. 

Submitted for publication: June 7, 1988. 


and JUDY GRIMES, R.N. 


From the Department of Surgery, University of California 
irvine Medical Center, Orange, California 


Hydroxyethyl starch (HES) was developed as an alter- 
native colloid volume expander. The starch molecule is 
modified by hydroxyethylation to make it less susceptible 
to amylase hydrolysis, and hence result in intravascular 
persistence.* One HES preparation, hetastarch, has been 
extensively studied as a plasma volume expander in non- 
burned patients. These studies have demonstrated that 
hetastarch solutions are effective plasma expanders, as- 
sociated with no allergic risk, no renal toxicity, and no 
effect on cross-matching of blood.” There has been some 
evidence in animals that large volume infusions. of heta- 
starch can increase clotting and bleeding times; whether 
there is a specific effect on coagulation or whether this 
effect is dilutional is unclear.’”® Of some theoretic concern 
is the very long tissue retention time of hetastarch (half- 
life of 10-15 days), with the possibility of a resulting im- 


. pairment of reticuloendothelial function.” A newer HES, - 
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pentastarch, has recently been developed. Pentastarch is 
less highly hydroxyethylated than is hetastarch, and as a 
result, is much more rapidly eliminated from the tissues. 
There is therefore less of a theoretic risk of reticuloen- 
dothelial impairment with pentastarch. 

The purpose of this study was to determine the safety 
and efficacy of pentastarch as compared to albumin in- 
fusion in the fluid resuscitation of seriously burned pa- 
tients. We were particularly interested in assessing he- 
modynamic and oxygen transport responses, and effects 
of pentastarch on bleeding and coagulation. The study - 
was designed as a randomized cross-over comparison of 
pentastarch and albumin. 


Methods 


Patients selected for study were those who suffered 
thermal burns of greater than 25% total body surface and 
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who gave informed consent. Patients were studied within 
36 hours of burn injury. Fluid resuscitation varied during 
the prestudy period, but generally consisted of crystalloid 
resuscitation to achieve normal vital signs, adequate urine 
output, no hemoconcentration, and no metabolic acidosis. 
During the study period, burn wounds were treated with 
occlusive dressings and were impregnated with silver sul- 
fadiazine, without burn wound manipulation. Patients 
were kept at quiet bed-rest during the study period. Pain 
control was achieved with small doses of I.V. morphine, 
_ administered continuously at a constant rate in most cases 
or with a consistent hourly intermittent dose in other pa- 
tients. 

Each patient had radial arterial and pulmonary arterial 
oximetry catheters placed using percutaneous technique. 
Patients then entered the baseline period. During this time, 
patients were treated with lactated Ringers as their only 
LV. fluid (no colloid or blood products), at rates adjusted 
to achieve hemodynamic stability, defined as stabile blood 
pressure [mean arterial pressure (MAP) changes by no 
more than 5 mmHg over successive measurements 15 
minutes apart] and a stable pulmonary arterial wedge 
pressure (WP) (changes by no more than 2 mmHg over 
successive measurements 15 minutes apart). During this 
baseline period, at 15-minute intervals, the following 
measurements were taken: arterial blood pressure, heart 
rate (HR), central venous pressure (CVP), WP, cardiac 
output (measured by thermodilution in duplicate at end- 
expiration), central blood temperature, urine output over 
preceding 15 minutes, arterial blood gases, hemoglobin, 
hematotrit, and mixed venous oxygen saturation. After 
the stabile baseline period and before study initiation, 
these measurements were again taken. In addition, base- 
line clotting parameters [prothrombin time (PT), partial 
thromboplastin time (PTT), platelet count, fibrinogen 
level, factor XIII-C level and template bleeding times] 
and arterial lactate were done. 

Either 5% albumin in normal saline or 10% pentastarch 
in normal saline was then infused, according to a precoded 
randomization schedule. Five hundred cc of the test col- 
loid was infused intravenously over the course of 1 hour. 
During this time, lactated Ringers was infused at the same 
rate as during the stable baseline period. During the test 
infusion, all hemodynamic measurements were repeated 
at 15-minute intervals. At the conclusion of the infusion, 
all parameters, including clotting parameters, were re- 
peated. 

After the initial test colloid infusion, an interval baseline 
period was entered, during which periodic measurements 
were made until MAP returned to within 5 mg and WP 
returned to within 2 mg of the initial baseline values. The 
only I.V. fluid administered during this interval baseline 
period was lactated Ringers, again adjusted to a rate to 


WAXMAN AND OTHERS 


Ann. Surg. e March 1989 


achieve stable baseline values over successive 15-minute 
measurements. 

All measurements were then taken again. The cross- 
over colloid was then infused over a l-hour period. He- 
modynamic parameters were repeated at 15-minute in- 
tervals, and all measurements were taken again at the 
conclusion of the infusion. During this second colloid in- 
fusion, the lactated Ringers was infused at that constant 
rate which was used to achieve stability during the interval 
baseline. . 

: Standard formulae were used to derive stroke volume, 
ventricular stroke work, oxygen delivery, and oxygen 
consumption from the measured parameters. All flow 
measurements were indexed to body surface area, cal- 
culated by nomogram using admission heights and 
weights. 

Changes from the baseline values were tested for sta- 
tistical significance by paired t-test. The significance of 
differences between treatment groups was assessed by 
analysis of variance. 


Results 


Twelve patients were studied, eight men and four 
women. The mean age was 42 years (range of 16-77 years), 
and mean burn size was 39% (range of 25-85%). The first 
colloid was infused at a mean of 23.6 hours after burn 
injury (range of 14-34 hours). All patients tolerated both 
colloid infusions without any adverse signs or symptoms. 
Ten patients subsequently recovered; two patients died of 
late complications of their burn injuries. 


Hemodynamic Effects of Colloid Infusion 


The effects of colloid infusions on mean values of blood 
pressure, HR, and rate of urine output are shown in Figure 
1. MAP was normal in all patients during the preoperative 
period and increased slightly after albumin infusion. A — 
mild tachycardia was present at baseline, and did not’ 
change with colloid infusion. Urine output was brisk at 


baseline, and did not significantly change during colloid 


infusion. | 

The effects of colloid infusions on filling pressures and 
cardiac index are shown in Figure 2. Both colloid solutions 
resulted in significant increases of CVP and WP. This was 
associated with increases of cardiac index, which were 
more significant after pentastarch infusion. Note that the 
mean baseline cardiac indices were significantly higher 
than normal and increased to values approximately twice 
that of normal cardiac indices after colloid infusion (nor- 
mal cardiac index = 2.8-3.6 L/min/m7’). That the in- 
creases in filling pressure and cardiac index were associated 
with increased plasma volume is suggested by significant 
(p < 0.05) decreases in hematocrit (mean of 40% decreased 
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to 37% after pentastarch infusion; mean of 41% decreased 
to 38% after albumin infusion) and hemoglobin (mean 
of 13.4 mg/100 ml decreased to 12.1 mg/100 ml after 
pentastarch infusion; mean of 13.3 mg/100 ml decreased 
to 12.1 mg/100 ml after albumin infusion). 

The effects of colloid infusion on cardiac function are 


further shown in Figure 3. Stroke volume as well as right - 


and left ventricular stroke work were increased by colloid 
infusion. These increases were significantly greater after 
pentastarch infusion as compared to albumin infusion. 
Again note the supernormal baseline values, which in- 
creased still further after colloid infusion. 


Oxygen Transport Effects of Colloid Infusion 


The effects of colloid infusion on oxygen transport are 
summarized in Table 1. There was no appreciable effect 


Mean arterial pressure 
(mm Hg) 


Heart rate 
(beats/min) 


+ Pentastarch 
© Albumin 


Rate of urine output 
(ml/hour) 


¥ significant change 
from baseline p < .05 





0 20 40° 60 
begin infusion na end infusion 
Time (min) 
FG. 1. Effects of albumin and pentastarch infusion on MAP, HR, and 
urinary output. Note that vital signs were unremarkable during the base- 
line period and changed minimally during infusions. Urine output was 
brisk at baseline and was unaffected by infusions. 
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CVP 
(mm Hg) 


Wedge pressure 
(mm Hg) 


è Pentastarch 
n Albumin 


Cardiac index 
(L/Min/m?) 


*significant change 
from baseline p < .05 
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Time (min) . 


Fic. 2. Effects of albumin and pentastarch infusion on filling pressures 
and cardiac output. Note increases of CVP and WP, most significant 
after pentastarch infusion. Also note increase of cardiac index, again 
more significant after pentastarch. 


on blood gases. Oxygen delivery was supernormal during 
the baseline period, but increased significantly further after 
pentastarch infusion. Oxygen consumption was also su- 
pernormal during the baseline period, and also increased 
further after colloid infusion; after the 24 colloid infusions 
studied, oxygen consumption increased more than 10% 
in 16 cases (eight after albumin infusion and eight after 
pentastarch infusion). There was no change in central 
blood temperature. Arterial lactate significantly decreased 
after pentastarch infusion. 


Coagulation Parameters 


Mean values for coagulation parameters are shown in 
Table 2. Note that bleeding times, PT, and PTT were 
prolonged during the baseline period. There was a ten- 
dency for further prolongation of bleeding times (signif- 
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Stroke volume 
(ml/m2/beat) 


Right ventricular 
Stroke work 
(g°m/beat/m?) 


e Pentastarch 


0 Albumin 


Left ventricular 
Stroke work 
(q:m/beat/m2)} 


*signiticant change 
from baseline p < .05 
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FIG. 3. Effects of albumin and pentastarch infusion on cardiac function. 
Note high baseline stroke volume (norma! = 30-50 ml/m°), right ven- 
tricular stroke work (normal = 4-8 g/m/beat/m?), and left ventricular 
stroke work (normal = 44-68 g/m/beat/m’), which increased further 
after colloid infusion; these increases were greater after pentastarch. 


TABLE 1. Oxygen Transport Parameters (mean + SEM) 








Infusion Pretreatment Post-treatment 
Arterial pO, Pentastarch 85 82 
(torr) Albumin 99 91 
Arterial QO, - 
saturation Pentastarch 95 94 
(%) l Albumin 96 96 
Oxygen delivery Pentastarch 837 +76 1024 + 77* 
(L/min/m?) Albumin 968 +95 1084 +109 


(normal = 520-720) 
Oxygen consumption 
(L/min/m?) 

(normal = 100-180) 
Arterial lactate 
(mg/100 ml) 


Pentastarch 209 +17 265 + 
Albumin 231 +22 256 + 29* 


Pentastarch 2. 
Albumin l 





_ ™ Difference from baseline p < 0.05. 
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TABLE 2. Coagulation Parameters (mean + SEM values) 


- Infusion Pretreatment Post-treatment 
PT (seconds) Pentastarch 14.2+ 0.5 14.7 + 0.5* 
i Albumin 143+ 0.4 145+ 0.5 
PTT (seconds) Pentastarch 48.9+ 3.5 54.3% 3.4* 
Albumin 48.6 + 3.1 50.7 + 3.9 
Platelet count Pentastarch 176 +20 149 +13 
(X107) Albumin 178 +22 149 t14 
Fibrinogen Pentastarch 247 +18 235 +11 
(mg/100 ml) Albumin 231 +14 245 +16 
Factor VIIL:C Pentastarch 129 +13 118 +10 
(%) Albumin 130 +13 134 +12 
Bleeding time Pentastarch 62+ 0.7 7.3% 0.5 
(minutes) Albumin 66+ 0.8 1.0 056" 


* Difference from baseline p < 0.05. 


icantly after albumin infusion), and further prolongation 


. of PT and PTT (significant after pentastarch infusion). 


No significant changes in platelet counts, fibrinogen, or 
factor VIII:C levels were measured. 


Discussion 


These data demonstrate that pentastarch is an effective 
plasma expander during early burn resuscitation. Specif- 


ically, a 1-hour infusion of pentastarch increased filling 


pressures, cardiac output, and oxygen delivery with equal 
or better effect than albumin infusion. It should be em- 
phasized that these infusions were carried out for an av- 
erage of 23.6 hours after burn injury; the possible effec- 
tiveness of pentastarch or albumin infusions earlier in 
burn resuscitation cannot be implied, and requires further 
study. | 

Several further observations regarding these data are 
noteworthy. First, it was remarkable how many of these 
patients benefited by colloid fluid administration. All pa- 
tients had normal vital signs and urine output in the base- 
line periods. Nonetheless, there were increases of cardiac 
output and oxygen delivery in response to the plasma 
expansion effected by both albumin and pentastarch. That 
these increases in oxygen delivery were of physiologic 
benefit is suggested by the fact that two thirds of infusions 
resulted in appreciable increases of oxygen consumption. 
It should be noted that oxygen consumption in this study 
was calculated by the Fick principle, and is therefore sub- 
ject to errors of measurements of cardiac output and ox- 
ygen content. Nonetheless, these data suggest that many 
burn patients who have normal vital signs and high urine 
output may still have inadequate plasma volume to sup- 
port that level of increased circulation necessary for meet- 
ing their increased metabolic requirements. Second, the 
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cardiac function of these seriously burned patients was 
generally excellent during the baseline period, yet there 
were further increases of stroke work to supernormal levels 
in response to increased preload. Thus, these data support 
the concept that poor cardiac function in burn patients 
is most often due to unrecognized hypovolemia rather 
than to a clinically significant burn-induced depression 
of cardiac function.!°!! 

There were increases of clotting and bleeding times after 
pentastarch and albumin infusions. It appears likely that 
these were caused by dilution of clotting factors due to 
plasma volume expansion. A specific effect of hetastarch 
-upon factor VIU:C levels has been suggested; however, 
this was not evident after the 500 ml pentastarch infusions 
performed in this study. Clearly, the effects of larger vol- 


umes of pentastarch on the coagulation system require 


study before such infusions can be recommended for burn 
resuscitation. 

In summary, pentastarch appears to be a very promising 
plasma substitute for burn resuscitation, with hemody- 
namic and oxygen transport effects equal or superior to 
albumin. Further study is required to assess the efficacy 
of pentastarch within the first 24 hours of resuscitation, 
and the safety of volumes of greater than 500 ml, partic- 
ularly as regards the coagulation system. 
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Intermittent Claudication—Surgical Reconstruction 


or Physical Training? 


A Prospective Randomized Trial of Treatment Efficiency. 





FREDRIK LUNDGREN, M.D., PH.D., ANN- GRET DAHLLOF, M.D., PH.D.,* KENT LUNDHOLM, M.D., PH. D., 
' TORE SCHERSTEN, M.D., PH. D., and REINHARD VOLKMANN, M. D., PH. D.t i 


This study reports the initial evaluation of treatment efficiency 
in 75 patients with intermittent claudication who were randomized 
to three treatment groups: 1) reconstructive surgery, 2) recon- 
structive surgery with subsequent physical training, and 3) phys- 
ical training alone, Before treatment, there were no statistically 
significant differences between the groups in age, sex, smoking 


habits, symptom duration of claudication, ankle-arm blood pres- 


sure quotient (ankle-index), maximal plethysmographic calf 
blood flow, symptom-free and maximal walking distance, the 
history of other atherosclerotic manifestations or in the medical 
treatment. The walking performance was improved in all three 


groups at follow-up 13 + 0.5 months after randomization. Surgery - 
was most effective, but the addition of training to surgery im- . 


proved the symptom-free walking distance even further. In pooled 
observations of the three groups, age, symptom duration, and a 
history of myocardial ischemic disease correlated negatively with 


walkihg-performance after treatment. In the operated group, the 


duration of claudication and a history of myocardial ischemic 
disease correlated negatively with the walking performance. This 
was not the case when patients were censored if limited by other 
symptoms than intermittent claudication after treatment. In the 
trained group, the duration of claudication correlated negatively 
to symptom-free and maximal walking distance. Ankle-index 
and maximal plethysmographic calf blood flow after treatment 
and the change of these variables with treatment correlated pos- 
itively with both symptom-free and maximal walking distance 
when results were pooled for all patients. Although this mainly 
was a consequence of the improved blood flow after surgery, the 
change of maximal plethysmographic calf blood flow also cor- 
related with symptom-free but not with maximal walking distance 
in the trained group. The results demonstrate that, compared 
with physical training alone, operation alone or in combination 
with subsequent training are superior treatment modalities in 
patients with intermittent claudication. 


EVERAL RETROSPECTIVE STUDIES, both from the 
era when arterial reconstruction was not generally 
available'“and more recently,” have estimated that 
the risk for limb loss in patients treated conservatively for 
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intermittent claudication is not more than 2-8% during 
a follow-up period of 2~8 years. The chance of sponta- 
neous improvement of symptoms was also fairly good. In 
addition to the relative benign natural course of inter- 
mittent claudication with respect to limb loss, the risk of 
perioperative complications from associated cardiovas- 
cular disease in these patients,® as well as the risk to life 
in the long run,” has been pointed out. Therefore, a con- 
servative approach in the treatment of patients with clau- 


dication as only symptom have been emphasized. Studies 


from the late 1960s have further suggested that, in patients 
with claudication, exercise can increase the distance that 
the patient is able to walk,!®!! and a wealth of literature 
has evolved dealing with the possible mechanisms behind 
the effect of training in such patients.'*! Irrespective of . 
which mechanisms are responsible for the. improved 
walking performance after conservative treatment in- 
cluding physical training, the need for operation can be 
eliminated in a large number of patients.?*-Thus, argu- 
ments for conservative treatment of intermittent claudi- 
cation are based on the relatively benign natural course, 
the general and local risks associated with reconstructive 
surgery,” and the positive effects of physical training. 
However, the efficiency of conservative treatment in ar- 
terial insufficiency with respect to symptom-relief com- 
pared with that of reconstructive arterial surgery has not 
been evaluated in a controlled way. 

Therefore, the purpose of this study was to evaluate 
the relative merits of two treatment modalities in three 
combinations: reconstructive arterial surgery, supervised 
physical training, and the combination of both in the 
treatment of patients with intermittent claudication. 
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Patients and Methods 


Seventy-five patients with intermittent claudication 
were randomly allocated to two types of standard treat- 
ment—arterial surgical reconstruction and supervised 
physical training—in three combinations: 1) reconstruc- 
tion without physical training (Op), 2) reconstruction 
combined with physical training (Op + Train), and 3) 
physical training without reconstructive surgery (Train). 

The patients were re-examined after at least 6 months 
of treatment. The duration of the arterial insufficiency 
was more than 6 months in all patients. All patients were 
handicapped in their professional or social life by clau- 
dication when they entered the study. Patients with a 
maximal walking performance of more than 600 m and 
those with rest pain, ischemic ulcers, or a blood pressure 
of the first toe below 30 mmHg were not admitted into 
the study. Also, patients younger than 40 years of age and 
those older than 80 years of age were not accepted. 


Experimental Protocol 


The patients were recruited from our out-patient clinic. 
A vascular surgeon decided whether the patients were 
suitable for the study by means of a preliminary evaluation 
based on the disease history and the results of the bedside 
investigation, including ankle-arm blood pressure quotient 
(ankle-index).** The patients were then referred to the 
vascular laboratory for a complete investigation with tests 
of walking performance on a treadmill (speed of 4 km/ 
hour and slope of 0°). Their walking ability was presented 
as symptom-free (SFWD) and maximal walking distance 
(MWD). The patients’ ability to exercise on a bicycle er- 
gometer including ECG was registered.” Maximal blood 
flow of the calf after ischemic exercise measured with 
strain gauge plethysmography (PMBF)*° and blood pres- 


sure of the first toe (BPFT)”’ were registred. If the results - 


from the vascular laboratory confirmed the diagnosis of 
moderate to severe intermittent claudication (typical pain, 
consistent pattern of PMBF and ankle-index in response 


to the treadmill test, MWD < 600 m and BPFT = 30 > 


mmHg) the vascular surgeon entered the patient in the 
study after having obtained informed consent. The pa- 
tients were randomized to one of the three treatment 
groups with help of an algorithm described by Pocock 
and Simon,” accounting for the distribution of sex, age, 
and diabetes. The patients randomized to the surgery 
group underwent operation, the purpose of which was to 
eliminate hemodynamically important arterial obstruc- 
tions above the knee level. Thrombendarterectomy, syn- 
thetic Y-graft, or bypass with saphenous vein or expanded 
polytetrafluoroethylene graft was used. The training pro- 
gram was comprised of three sessions per week of dynamic 
leg exercise beyond the appearance of leg pain due to 
arterial insufficiency. The training sessions, supervised by 
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a physiotherapist, lasted for 30 minutes, and the patients 
were also encouraged to perform the exercises during their 
leisure-time. The patient group randomized to receive 
combined treatment started their training 6 weeks after 
the last operation. The minimum training period was 6 
months. Re-examination was done 6-12 months after the 
start of treatment and included patient history, clinical 
investigation, measurement of ankle-index, and a second 
visit to the vascular laboratory for measurement of the 
maximal plethysmographic calf blood flow, BPFT, 
SFWD, and MWD. 


Statistics 


Data are presented as mean + SEM. Comparison be- 
tween two independent samples was made using Mann- 
Whitney’s U test; comparison of more than two indepen- 
dent samples was made using Kruskall-Wallis’ nonpara- 
metric analysis of variance (ANOVA); and comparison 
between two dependent samples was made using Wilcox- 
on’s matched pairs signed-ranks test.*? Differences be- 
tween categoric data in the treatment groups were tested 
with Fisher’s distribution-free permutation test.” Several 
surgically treated patients were limited by symptoms other 
than intermittent claudication after treatment. Therefore, 
life table technique was used to estimate the effect of dif- 
ferent treatments on walking performance. The influence 
of different covariates on the walking performance was 
tested using the logrank technique.*'*” When testing for 
statistical significance, p < 0.05 was chosen. Not statis- 
tically significant is abbreviated NS. wae 


Ethics 


Informed consent was obtained from all subjects. The 
study was approved by the Committee for Ethics in Med- 
ical Investigations, University of Göteborg. 


Results 
Clinical Characteristics 


The mean age of the patients was 64 + 0.9 years, and 
the mean duration of the intermittent claudication was 
25 + 3.3 months. Twenty-one per cent of the patients 
were women and 93% were smokers. Several patients had 
a history of other diseases associated with atherosclerosis 
and intermittent claudication, such as diabetes (8%), an- 
gina pectoris (25%), myocardial infarction (19%), hyper- 
tension (31%), cardiac insufficiency (7%), and transient 
ischemic attacks (3%), but they were not limited in their 
performance by factors other than intermittent claudi- 
cation. The medical treatment of the patients were digitalis 
(11%), 8-blockers (32%), Ca-blockers (5%) and diuretics 
(21%). Except for having atherosclerotic diseases, they 
were in good general health, without any signs of renal 
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TABLE 1. Clinical Data for Patients with Intermittent Claudication in the Randomized Treatment Groups Before Treatment (mean + SEM)* 


Treatment Groups 








Data Op Op + Train Train Significance 

Number 25 25 25 

Age (years) 64 + 2 63 +2 64+ 1 NS 
Duration (months) 28 + 6 2125 26 46 NS 
Ankle-index 0.55 + .03 0.59 + .02 0.59+ .03 NS 
BPFT (mmHg) 58+ 4 58 + 5 55 5 NS 
PMBF (ml1/100 ml/min) 14.8 + 1.5 15.2 + 1.6 16.7 + 1.7 NS 
SFWD (m) 85 +6 70+7 677 NS 
MWD (m) 209 + 20 180 + 20 183 + 22 NS 





* Statistically differences between the groups where tested with Krus- 
kall-Wallis’ nonparametric ANOVA. 


or hepatic insufficiency. The mean hemoglobin concen- 
tration was 148 + 1.3 g/L, the platelet particle concen- 
tration was 266 X 10” cells/l, and the serum creatinine 
concentration was 88 + 2.4 mol/l. The SFWD and MWD 
were 74 + 3.8 m and 191 + 11.9 m, respectively. Ankle- 
index, BPFT, and maximal plethysmographic calf blood 
flow of the most symptomatic leg were 0.58 + 0.02 mmHg, 
57+2 mmHg, and 15.6 + 0.9 ml/100 ml/min, respectively. 
Forty-seven per cent of the patients had the atherosclerotic 
lesion of the most symptomatic leg below the inguinal 
ligament, 41% had the atherosclerotic lesion above the 
ligament, and 12% had combined lesions. 

There were no statistical differences among the three 
randomized treatment groups regarding the distributions 
of age, duration of the disease, ankle-index, BPFT, max- 
imal plethysmographic calf blood flow, SFWD, and MWD 
(Table 1) In addition, there were no statistically significant 
differences among the groups in the distribution of the 
location of the atherosclerotic lesions, nor in the concen- 


PMBF = Maximal blood flow after ischemic exercise evaluated with 
strain-gauge venous occlusion plethysmography. 


trations of hemoglobin, platelets, creatinine, triglycerides, 
and cholesterol; there were also no statistically significant 
differences in the distribution of diabetes, angina pectoris, 
myocardial infarction, hypertension, cardiac insufficiency, 
and transient ischemic attacks in the history of the pa- 
tients, nor in the medical treatment with digitalis, 6- 
blockers, Ca-blockers, and diuretics. 


Treatment Compliance and Follow-up 


The mean time from randomization to follow-up were 
12.6 + 0.9, 15.2 + 0.8, and 11.2 + 0.6 months (p < 0.01) 
in the operated (Op), the combined (Op + Train) and the 
training group (Train), respectively (Table 2). In the group 
with combined treatment, the longer observation time 
after randomization was due to the more complicated 
treatment protocol of this group. Thus, these patients had 
to wait until they had undergone one or more operations 
before they could start their training program. Two pa- 


TABLE 2. Subjects Lacking Compliance in the Three Treatment Groups and the Availability of Complete Results at Follow-up 


Group Patient No. Compliance Complications Complete Follow-up 
8 Emergency operation for aortic dissection—died of myocardial infarction No 
after 1 week 
20 Improved after randomization—no surgery No 
Op 33 Died 6 months after surgery before follow-up in cerebral apoplexy No 
62 Unsuitable for surgery except at lower leg level—shifted to training No--unable to participate in 
group treadmill testing 
3 Refused training after surgery Yes 
7 Refused training after surgery Yes 
Op + Train 15 Never treated due to unhealed venous ulcer No 
24 Improved after randomization—no surgery No 
48 Unable to train due to cardiac failure Yes 
55 Died 4 months after surgery in cardiosclerosis No 
6 Developed multiple sclerosis and was never treated for intermitent No—unable to participate in 
claudication treadmill testing 
29 Refused training after operation for severe ischemia Yes 
Training 39 Trained after operation for severe ischemia Yes 
49 Never treated: claudication was rejected by angiography No 
51 Developed cardiac failure and was unable to train No—unable to participate in 


The subjects are identified with their randomization numbers. 


treadmill testing 
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tients never underwent operations, and complete data at 
the follow-up were not available for four patients of Op 
group. Five patients of the Op + Train group were not 
treated according to the protocol, and complete follow- 
up data were not available for three of these patients. Four 
patients of the Train group never started their treatment 
according to the protocol, and follow-up data for these 
patients are incomplete. 


Operations 


Fifty-eight operations were performed in 48 patients 
(the two patients in the group treated with physical train- 
ing who underwent operation for limb-threatening isch- 
emia and the patient who underwent emergency operation 
for aortic dissection are included). Twenty-six of these 
operations were performed on the aorta and iliac arteries, 
and 32 were performed on the femoro-popliteal level. Of 
the 48 patients who underwent operations, 26 underwent 
reconstructive surgery on the aortoiliac level, 25 on the 
femoro-popliteal level, three on both levels, and 23 bilat- 
erally. 


Complications 


Within the first month of surgery, we had to evacuate 
wound hematomas in three patients, perform thrombec- 
tomy in three patients perform re-reconstructive surgery 
in three patients (Table 2). In two patients, myocardial 
infarction developed. The emergency case of aortic dis- 
section already had an infarction when the operation was 
performed. One patient received a pulmonary emboli 
within 1 month after surgery. Except for the patient who 
underwent operation for an aortic dissection and died, all 
of these patients experienced full recovery despite their 
complications. Later, two of the patients who had under- 
gone operations had reoperations, and two patients died 
before follow-up. In.two of the patients who were ran- 
domized.to the training group, limb-threatening ischemia 
developed, and these patients underwent operation. In 
another two patients, severe cardiac insufficiency devel- 
oped, and therefore these patients were unable to receive 
training. However, there were no observed complications 
caused directly by the physical training. 


Hemodynamic Effects 


All three groups improved their maximal plethysmo- 
graphic calf blood flow significantly with treatment (Fig. 
1). The improvements were 7.6 + 1.5, 9.9 + 2.4, and 3.0 
+ 1.2 ml/100 ml/minute for the Op, Op + Train, and 
Train groups, respectively. The improvement in the 
trained group was statistically significant even when 
grouping was based on actual treatment. Two of these 
patients underwent operation when they limb-threatening 
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Fic. 1. The change in hemodynamic variables with treatment in the 
different groups. Grouping is based on randomization (i.e., treatment of 
intention). A. Ankle-index = change in ankle-arm blood pressure quotient, 
A BPFT = change in blood pressure of the first toe and A Plet = change 
in maximal calf blood flow measured with strain gauge plethysmography. 
Data refer to the most symptomatic leg. 

*p < 0.05, ***p < 0.001, and ****p < 0.0001, with Wilcoxon’s 
matched pairs signed-ranks test. 


ischemia developed after randomization. When the pa- 
tients were tested, the overall difference for the improve- 
ment between groups was also statistically significant (p 
< 0.02); however, the difference between the Op group 
and the Op + Train group was insignificant. The overall 
difference of the change in ankle-index and BPFT between 
the groups were also statistically significant (p < 0.0001). 
In the Train group, these last two variables did not change 
with treatment. 


Walking Performance 


Walking performance was improved in all three groups 
(Figs. 2-5). In the Op, Op + Train, and Train groups, the 
changes in SFWD were 320 + 78, 489 + 81, and 120 


Logrank p=0.0006 


Probability 
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Fic. 2. Life table representation of the symptom-free and maximal walk- 
ing performance after different treatments. Grouping is based on ran- 
domization (i.¢., treatment of intention). All causes of limited walking 
performance were included. Logrank test was used for the comparison. 


+ 47 m, respectively, and the changes in MWD were 361 
+ 73, 474 + 81, and 276 + 66 m, respectively. The 
impression that the MWD/SFWD in the trained group is 
higher than in the other two groups is explained by the 
fact that the treadmill test was interrupted after 1000 m. 

Several of the surgically treated patients were limited 
by symptoms other than intermittent claudication at the 
follow-up, and the life table technique was therefore used 
in the analysis. Walking performance was analyzed sep- 
arately based on treatment of intention (randomized 
group) and actual treatment (actual group) and with and 
without right censoring of patients limited by other symp- 
toms than intermittent claudication or walking more than 
1000 m after treatment. When grouping of the patients 
was based on treatment of intention and no censoring 
was used, SFWD was = 600 m in 30% of the patients of 
the Op group, in 55% of those of the Op + Train group, 
and in 5% of those of the Train group; MWD was = 600 
m in 45% of the patients of the Op group, in 70% of those 
of the Op + Train group, and in 30% of those of the Train 
group (Fig. 2). When grouping of the patients was based 
on treatment of intention and right censoring was used, 
SFWD was = 600 m in 55% of the patients of the Op 
group, in 90% of those of the Op + Train group, and in 
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5% of those of the Train group; MWD was = 600 m in 
75% of the patients of the Op group, in 95% of the Op 
+ Train group, and in 35% those in the Train group (Fig. 
3). When grouping of the patients was based on actual 
treatment and no censoring was used, SFWD was = 600 
m in 30% of the patients of the Op group, in 60% of those 
of the Op + Train group, and in 0% of those of the Train 
group; MWD was = 600 m in 50% of the patierits of the 
Op group, in 70% of those of the Op + Train group, and 
in 23% of those of the Train group (Fig. 4). When grouping 
of the patients was based on actual treatment and right . 
censoring was used, SFWD was = 600 m in 55% of the 
patiznts of the Op group, in 95% of those of the Op 
+ Train group, and in 0% of those of the Train group; 
MWD was = 600 m in 80% of the patients of the Op 
group, in 95% of those of the Op + Train group, and in 
25% of those of the Train group (Fig. 5). For compliance 
data see Table 2. 


Covariates to Walking Performance After Treatment (Ac- 
tual Treatment) 


Gverall analysis. Age of the patient, duration of the 
disease, and a history of myocardial ischemic disease cor- 
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Fic. 3. Life table representation of the symptom-free and maximal walk- 
ing performance after different treatments. Grouping is based on ran- 


‘ domization, (7.e., treatment of intention). Subjects limited by other 


symptoms than intermittent claudication and those who walked further 
than 1000 m were right censored. Logrank test was used for the com- 
parison. 
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related negatively to both SFWD and MWD after treat- 
ment (Table 3). Age had no significant influence on the 
walking performance when patients limited by symptoms 
other than claudication or those with a walking capacity 
of more than 1000 m on the treadmill were censored. 
Diabetes, sex, and the location of the atherosclerotic le- 
sions had no significant influence on the walking perfor- 
mance. Ankle-index after treatment,A ankle-index, and 
A PMBF were positively correlated to SFWD, and ankle- 
index after treatment was positively correlated to the 
minimal walking distance. When censoring was used, 
however, ankle-index and maximal plethysmographic calf 
blood flow after treatment and A ankle-index and A 
PMBF were all positively correlated to walking perfor- 
mance (p = 0.01-0.0001). 

Analysis within the treatment groups (Table 4-6). In 
the Op group, duration of the disease and a history of 
myocardial ischemic disease were negatively correlated to 
walking performance (p = 0.03-0.0001). When censoring 
was used, however, these variables had no significant in- 
fluence on walking performance. In the Op + Train group, 


ankle-index after treatment was positively correlated to - 


MWD when censoring was used, but no other factor was 
associated with walking performance in this group. In the 
Train group, the duration of the disease was negatively 
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Fic.4. Life table representation of the symptom-free and maximal walking 
performance after different treatments. Grouping is based on actual 
treatment. All causes of limited walking performance were included. 
Logrank test was used for the comparison. 
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Fic. 5. Life table representation of the symptom-free and maximal! walk- 
ing performance after different treatments. Grouping 1s based on actual 
treatment. Patients limited by symptoms other than intermittent clau- 
dication and those who walked further than 1000 m were right censored. 
Logrank test was used for the comparison. 


correlated to walking performance irrespective of censor- 
ing, and A PMBF was positively correlated to the SFWD. 

A separate analysis showed that the initial walking per- 
formance had no influence on the walking performance 
after treatment—neither in the overall analysis nor in the 


different treatment groups. 


Discussion 


This controlled study has evaluated the effectiveness of 
three different treatment modalities on the walking per- 
formance of patients with well-established intermittent 
claudication after 6-12 months of treatment. Recon- 
structive surgery, physical training, and the combination 
of both increase both the SFWD and the MWD. Surgical 
treatment of intermittent claudication provided the best 
relief of symptoms but was also associated with more 
complications. The addition of physical training to surgery 
increased the SFWD even further, but none of the mea- 
sured hemodynamic variables could explain this im- 
provement. Several of the surgically treated patients were 
limited after treatment by symptoms (mainly of cardio- 
pulmonary origin) other than intermittent claudication 
and could therefore not fully benefit from the improved 


392 


LUNDGREN AND OTHERS 


Ann. Surg. March 1989 


TABLE 3. The Correlation of SFWD and MWD with Age, Duration of Intermittent Claudication, History of Myocardial Ischemic Disease (MID), 
Diabetes, Sex, Level of the Artherosclerotic Lesion, Ankle-Index (Ankle-Arm Blood Pressure Quotient), Maximal Plethysmographic Calf Blood 
Flow After Ischemic Exercise (PMBF) After Treatment, AAnkle-Index, and APMBF 








SFWD MWD 
No censoring Censoring No Censoring Censoring 
Variable p-value” Signt p-value* Signt p-value* Sign} p-value* Sign} 
Age 0.02 " NS 0.01 2 NS 
Duration . 0.02 ~ 0.05 = 0.002 a 0.01 — 
MID 0.02 = 0.05 = 0.008 a 0.02 _ 
Diabetes NS NS NS NS 
Sex NS NS NS NS 
Lesion level NS NS NS NS 
Ankle-index 0.05 + 0.0001 + 0.05 + 0.0001 + 
PMBF NS 0.01 + .NS 0.001 + 
AAnkle-index 0.05 + 0.0001 + NS 0.0001 + 
APMBF NS 0.003 + NS 0.01 + 


* Logrank test. 
+ Direction of the association. 
Calculations were performed on all treated aeni with complete 


limb blood flow. The treatment results are influenced by 
old age, the duration of the disease, and a history of myo- 
cardial ischemic disease, but are not substantially influ- 
enced by diabetes, the location of the atherosclerotic le- 
sion, and sex. 

The subjects in this study represent a group of patients 
with well-established moderate-to-severe intermittent 
claudication who were referred to our surgical unit for 
evaluation. They are probably representative of patients 
actively seeking advice for intermittent claudication; 
howeversthey may also represent a selected group of pa- 
tients with more severe symptoms than patients have 
overall. Great care was taken to obtain comparable treat- 
ment groups. In addition to the equality between the 


follow-up after treatment. Censoring was done if the patient was limited 
by symptoms other than intermittent claudication or walked more than 
1000 m on the treadmill. 


groups with regard to sex, age, and diabetes, which was a 
result of the balanced randomization, there were no sta- 
tistically significant differences in the duration of the dis- 
ease, ankle brachial blood pressure quotient, maximal 
plethysmographic calf blood flow, and walking perfor- 
mance among the groups before treatment. The distri- 
bution of associated atherosclerotic diseases and the med- 
ical treatment of the patients were also without statistically 
significant differences. 

Although there were no statistically significant differ- 
ences in the treatment compliance among the groups, it 
appears as though surgery was the treatment that was the 
most easy to fulfill, followed by physical training, which 
demanded continuous encouragement of the patients in 


TABLE 4. The Correlation of SFWD and MWD with Age, Duration of Intermittent Claudication, History of Myocardial Ischemic Disease (MID), 
Diabetes, Sex, Level of the Artherosclerotic Lesion, Ankle-Index (Ankle-Arm Blood Pressure Quotient), Maximal Plethysmographic Calf Blood 
Flow After Ischemic Exercise (PMBF) After Treatment, AAnkle-Index, and APMBF 





SFWD 
No censoring Censoring 
Variable p-value* Signt p-value* 

Age NS NS 
Duration 0.03 _ NS 
MID - 0.02 _ NS 
Diabetes NS 0.01 
Sex NS : NS 
Lesion level NS NS 
Ankle-index NS 0.05 
PMBF NS NS 
AAnkle-index NS NS 
APMBF NS 0.0001 


* Probability for random association with the logrank test. 
t Direction of the association, 
Calculations were performed on patients actually in the Op group 


Signt 


MWD 
No Censoring Censoring 
p-value* Signt p-value* Signt 
NS NS 
0.02 _ NS 
0.0001 = NS 
— NS NS 
NS 0.02 +(males) 
NS NS 
+ NS NS 
NS NS 
0.02 + NS 
+ NS 0.04 + 


with complete follow-up after treatment. Censoring was done if the patient 
was limited by symptoms other than intermittent claudication or walked 
more than 1000 m on the treadmill. — 
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TABLE 5. The Correlation of SFWD and MWD with Age, Duration of Intermittent Claudication, History of Myocardial Ischemic Disease (MID), 
Diabetes, Sex, Level of the Artherosclerotic Lesion, Ankle-Index (Ankle-Arm Blood Pressure Quotient), Maximal Plethysmographic Calf Blood 
Flow After Ischemic Exercise (PMBF) After Treatment, AAnkle-Index and APMBF 


SFWD 
No Censoring Censoring 
Variable p-value* Signt p-value* 
Age NS NS 
Duration NS NS 
MID NS NS 
Diabetes NS NS 
Sex NS NS 
Lesion level _ NS NS 
Ankle-index NS NS 
PMBF NS NS 
AAnkle-index NS NS 
APMBF NS NS 


* Probability for random association with the logrank test. 
+ Direction of the association. l 
Calculations were performed on patients actually treated with recon- 


order to motivate them. Some patients found the treat- 
ment with physical training to be time-consuming, and 
younger patients found it difficult to combine with an 
active professional life. The more complicated combined 
treatment was sometimes difficult to carry out, especially 
in those patients who had achieved excellent results after 
surgery. Even if operative surgery was readily applied, it 
was also the type of treatment associated with most com- 
plications, including death in one patient (although this 
patient underwent operation for aortic dissection as an 
emergency), whereas no complications were directly at- 
tributable to the training treatment. 

As a consequence of the removal of the arterial ob- 
structions, in the two groups of patients who underwent 
operation, the ankle-index increased towards normal at 


MWD 
No Censoring Censoring 
Signt p-value* Signt p-value* Signt 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
NS 0.03 + 
NS NS 
NS NS 
NS NS 


structive surgery and training with complete follow-up after treatment. 
Censoring was done if the patient was limited by symptoms other than 
intermittent claudication or walked more than 1000 m on the treadmill. 


the end of the study. The improved ankle-index was re- 
flected by a 70-80% increased maximal plethysmographic 
calf blood flow and a 50% increased BPFT. However, in 
the group subjected to training only, there were no sig- 
nificant changes in the ankle-index or the BPFT, but there 
was a moderate (30%) and significant improvement of the 
maximal calf blood flow. Walking performance was sig- 
nificantly improved by all three therapies, as measured 
by both SFWD and MWD. Several of the patients who 
had undergone operations walked completely unlimited 
by claudication, but were nevertheless registered -with a 
MWD of 1000 m. This fact explains the smaller differences 
among the groups in the maximal walking performance 
compared with the symptom-free performance. 

From the comparison of Figures 2 and 3, it is evident 


TABLE 6. The Correlation of SFWD and MWD with Age, Duration of Intermittent Claudication, History of Myocardial Ischemic Disease (MID), 
Diabetes, Sex, Level of the Artherosclerotic Lesion, Ankle-Index (Ankle-Arm Blood Pressure Quotient), Maximal Plethysmographic Calf Blood 
Flow After Ischemic Exercise (PMBF) After Treatment, AAnkle-Index and APMBF 


SFWD 
No Censoring Censoring 
Variable p-value* Signt p-value* 
Age NS NS 
Duration 0.02 — : 0.02 
MID NS NS 
Diabetes NS NS 
Sex NS NS 
Lesion level NS NS 
Ankle-index NS NS 
PMBF NS NS 
AAnkle-index NS NS 
APMBF 0.02 + 0.02 


* Probability for random association with the logrank test. 
t Direction of the association. 
Calculation were performed on patients actually in the Train group 


MWD 
No Censoring Censoring 
Signt p-value* Signt p-value* Signt 

NS NS 

= 0.03 _ 0.01 — 
NS NS 
NS NS 
NS NS 
NS NS 

NS 0.03 + 
NS NS 
ONS NS 
+ NS NS 


with complete follow-up after treatment. Censoring was done if the patient 
was limited by symptoms other than intermittent claudication or walked 
more than 1000 m on the treadmill. 


354 


that, at the follow-up, several patients in the groups treated 
with surgery were limited by symptoms other than inter- 
mittent claudication. Despite the fact that most of these 
patients had an almost normal ankle-index after treat- 
ment, they were unable to fully benefit from the improved 
calf blood flow and were instead limited in their walking 
performance by cardiac and pulmonary factors of im- 
portance for their general physical fitness. This finding 
was not a consequence of differences in treatment com- 
pliance, as is evident from the comparison of Figures 4 
and 5, illustrating walking performance after actual treat- 
ment, which reveals the same pattern. This observation 
underlines the importance of a careful selection of patients 
for surgery to avoid unnecessary risks to life and limb in 
those who can not fully benefit from surgery.” Although 
cardiopulmonary factors seem most important in this re- 
spect, making a prediction for any given individual is dif- 
ficult, and further studies are needed to develop exact 
criteria for the selection procedure of such patients. How- 
ever, the efficiency of reconstructive surgery in the treat- 
ment of intermittent claudication in patients unlimited 
by other factors is evident (Figs. 3 and 5). When patients 
limited by other symptoms than intermittent claudication 
were censored, the probability of an unlimited maximal 
walking performance was 75-95% in the Op group, com- 
pared with only 10-20% in the Train group. The proba- 
bility of an unlimited symptom-free walking performance 
in patients treated with surgery alone was 50%, as com- 
pared to 85% in those who had supplemental training. 
The influence of the surgical treatment on the walking 
performance is illustrated by the overall analysis of co- 
variates associated with SFWD and MWD (Table 3). Es- 
pecially when patients limited by symptoms other than 
intermittent claudication are censored, ankle-index and 
maximal plethysmographic calf blood flow after treat- 
ment, as well as the change with treatment of these vari- 
ables, had a highly statistically significant influence on the 
treatment results. 

Even if the substantially improved blood flow and an- 
kle-index in the Op group explain the good results 
achieved by these patients, it is not evident why the ad- 
dition of physical training to surgery or physical training 
alone improve the walking performance. In a subgroup 
of the patients in the present study, we analyzed glycolytic 
and mitochondrial enzyme activities in the calf muscle 
tissue before and after treatment.** Increased activities of 
cytochrome-c-oxidase, citrate synthetase and 3-OH-acyl- 
CoA-dehydrogenase were found. This metabolic adap- 
tation was positively correlated with the maximal walking 
performance. In the Op group, the metabolic adaptation 
was reversed, and in the Train group, the activity of cy- 
tochrome-c-oxidase was further augmented, whereas the 

initially high activity of cytochrome-c-oxidase was main- 
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tained in the group with combined treatment. The in- 
creased activity of cytochrome-c-oxidase in the Train 
group was positively correlated with the improvement in 
symptom-free walking performance. Thus, improved local 
muscle metabolism with an increased oxidative capacity 
may explain why physical training improves the walking 
performance. In physically trained patients, the improved 
calf blood flow also seems to have some importance, but 
it is not clear if this is mainly a consequence of an in- 
creased collateralization’* or whether it is due to a redis- 
tribution of the available blood flow to the ischemic mus- 
cles." | 

In the present study, we found age, sex, a history of 
myocardial ischemic disease, diabetes, and the level of the 
arteriosclerotic lesion to have no influence on the success 
of physical training. This is in line with the findings of 
Ekroth et al., who found no differences in walking per- 
formance after training between patients with and without 
diabetes, nor between those with lesions above and those 
with lesions below the inguinal ligament. However, Jon- 
ason et al.*> found significantly inferior results after pa- 
tients with coronary insufficiency underwent training, and 
in a study where patients with coronary heart disease were ` 
excluded, they found that ankle-index was positively cor- 
related to SFWD as well as to MWD after treatment, 
whereas the symptom duration was negatively correlated 
with SFWD.”* They concluded that the possibility of pre- 
dicting the success of training in individual patients was 
limited. 

The durability of the present results are important. Un- 
certain long-term patency is also one reason for contro- 
versy regarding the advisability of femoro-popliteal surgery 
in patients with intermittent claudication,” whereas the 
indications for aortic and iliac surgery appear to be more 
established. However, although several studies of the 5- 
year patency after aorto-iliac as well as femoro-popliteal 
surgery in patients with intermittent claudication have 
reported encouraging results,?”?? it is not known whether 
this also is associated with good functional results in the 
long-run. After conservative treatment with physical 
training, the risk of limb loss seems small, even in the 
long-run;***° nevertheless, the durability of the training 
results with respect to symptom relief is not very well- 
known. 

In conclusion, the results of this controlled study dem- 
onstrates that, compared with physical training alone, ar- 
terial reconstruction alone or in combination with sub- 
sequent training gives superior SFWD and MWD in pa- 
tients with intermittent claudication. These results refer 
to a mean follow-up of 13 months after randomization 
in all treated groups. The improvement in the Op group 
was probably due to the significantly higher calf blood 
flow and ankle blood pressure after operation. 
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Right and Left Ventricular Performance During and 
After Abdominal Aortic Aneurysm Repair 





DAVID H. HARPOLE, M.D., FIONA M. CLEMENTS, M.D., TIMOTHY QUILL, M.D., arty G. WOLFE, M.D., 


ROBERT H. JONES, M.D., and RICHARD. L. MCCANN, M. D. 


To evaluate the effect of aortic occlusion and limb reperfusion 
on global and regional function of the right and left ventricle 
during infrarenal abdominal aortic aneurysm repair, 23 patients 
underwent five intraoperative first-pass radionuclide angiocar- 
diograms: 1) before the skin incision, 2) at aortic cross-clamp; 


3) 20 minutes after aortic occlusion, 4) at unclamping, and 5) | 


after skin closure. A subset of twelve patients had simultaneous 
‘ transesophageal echocardiography to evaluate left ventricular 
wall stress. Parameters measured included the electrocardiogram 
(ECG), heart rate, blood pressure, pulmonary artery pressure, 
the cardiac output, the left and right ventricular ejection fractions, 
left ventricular volumes, and left ventricular wall stress. Signif- 


icant changes (p < 0.01) were observed at aortic clamping inthe . 


left ventricular ejection fraction (from 0.56 to 0.48), end-diastolic 
volume (from 171 to 225 ml), end-systolic volume (from 85 to 
127 ml), mean blood pressure (from 82 to 91 mmHg), and me- 
ridional’ end-systolic wall stress (from 53 to 67 10°. dyne/cm’). 


Once the clamp was removed, significant variations were seen. - 


in the left ventricular ejection fraction (from 0.51 to 0.58), end- 
diastolic volume (from 205 to 187 ml), end-systolic volume (from 
105 to 94 ml), mean blood pressure (from 84 to 69 mmHg), and 
meridional end-systolic wall stress (from 67 to 46 10° dyne/ 
m’). No differences were observed between the two aortic oc- 
clusion studies, and the baseline level of function was recovered 
in all parameters during the last study. These data quantify the 
changes in heart function that occur during abdominal aortic 
aneurysm operation and demonstrate that the majority of the 
adaptations that occurred were due to a variation in afterload. 


is the major cause of perioperative morbidity and 
mortality associated with elective abdominal 
aortic aneurysm (AAA) repair.'? Previous reviews of pa- 
tients with CAD-who underwent major vascular surgery 
- documented the aortic cross-clamping period to be a ma- 
jor point of cardiovascular stress during the operative 
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procedure.? Sudden aortic occlusion during aneurysm op- 
eration could be expected to increase myocardial work 
by adding stress to the left ventricle and might exacerbate 
pre-existing myocardial ischemia. 

In our study, first-pass radionuclide angiocardiography 


- was used to obtain serial intra-operative measurements: 


of right and left heart function in patients undergoing 
AAA repair. A major question was whether or not aortic 
cross-clamping induced myocardial ischemia as recog- 
nized by reversible dysfunction. 


Methods 
Study Population | 


This project was approved by the Duke University In- 
stitutional Review Board (protocol #55-87-1), and all 
participants had signed informed consent. The study 
population consisted of 23 consecutive male patients who 
were scheduled for elective repair of an infrarenal AAA 
at the Duke University Medical Center (Table 1). No pre-, 
selection was made, and this group was typical for the 
population of patients undergoing AAA repair at this in- 
stitution. The mean age of the patients was 67 years, and 
the mean AAA diameter was 6.7 cm. Eighteen of the pa- 
tients had a history of hypertension. 

Before operation, patients were assigned to one of two 
groups. Ten patients were assigned to a CAD group based 
on criteria of coronary angiogram or a positive rest-ex- 
ercise radionuclide angiocardiogram (RNA). Four patients 
in this subset had a prior myocardial infarction docu- - 
mented at catheterization, and one patient with symp- 
tomatic class II angina had a positive rest-exercise RNA 
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test and cardiac catheterization. The remaining five pa- 
tients had a positive rest-exercise RNA study but were 
asymptomatic and did not undergo further evaluation. 
The second group, consisting of thirteen patients, com- 
prised the non-CAD subset. None of the thirteen patients 
had angina or history of myocardial infarction. Five pa- 
tients with this non-CAD classification had normal rest- 
exercise RNA examinations. 


Experimental Design 


Study technique during operaticn. A modified bipolar 
V5 electrocardiographic lead was monitored during the 
operative procedure for detection of myocardial ischemia. 
Hemodynamic monitoring included radial arterial pres- 
sure and pulmonary artery pressure, which were digitally 
recorded every 15 seconds by microcomputer, Anesthesia 
was induced with intravenous (I.V.) fentanyl and etom- 
idate or thiopental and was maintained with I.V. fentanyl, 
enflurane, and nitrous oxide. I.V. sodium nitroprusside 
was used to control the systolic blood pressure elevations. 
All ten patients in the CAD group received “prophylactic” 
I.V. nitroglycerin, which was also used as a vasodilator 
for blood pressure control. I.V. fluids and blood products 
were administered as necessary to maintain the pulmonary 
artery diastolic (PAD) pressure. Positive pressure venti- 
lation was discontinued for RNA studies, which were ob- 
tained at the following intervals: 

1) RNA Study i: after the induction of anesthesia and 
endotracheal intubation, but just after the skin incision. 

2) RNA Study 2: immediately after the aorta was cross- 
clamped above the aneurysm. 

3) RNA Study 3: at the completion of the proximal 
anastomosis (n = 15) 

4) RNA Study 4: immediately after restoration of lower 
extremity arterial flow. 

5) RNA Study 5: at the completion of the wound clo- 
sure, but before the emergence from anesthesia. 

Each first-pass RNA used 10 mCi of technetium-99m 
triaminepentaacetic acid (DTPA. All injections were 
made through a 18-gauge teflon internal jugular I.V. line. 
Data were acquired at 20-ms intervals using the Scinticor 
portable, multicrystal gamma camera (Scinticor, -Inc., 
Milwaukee, WI). Data were analvzed for right and left 
ventricular ejection fractions, heart rate, stroke volume, 
regional ventricular wall motion, and the total pulmonary 
blood volume using commercially available software. The 
reliability and accuracy of the measurements have been 
demonstrated by previous work in this laboratory and by 
others.*® 

Echocardiography. In order to calculate changes in af- 
terload or left ventricular wall stress that might occur in 
response to aortic occlusion, a subset of 12 patients had 
echocardiograms acquired simultaneously during each 
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TABLE 1, Population (n = 23 male patients) (mean + SD) 


Canadian Heart Association 


Age Aneurysm Size Angina 
(yeers) (cm) Class Hypertension 
6747 6.9 + 2.0 None (18) None (5) 
Class I-II (5) Present (18) 
Range (52-82) (4.5-12.0) 


RNA. Each echocardiogram used a Hewlett-Packard 
Echocardiograph with a S5MHz 64 element endoscopic 
esophageal transducer, which was positioned in the 
esophagus to provide a two-dimensional short axis image 
of the left ventricle at the mid-papillary muscle level. Im- 
ages were recorded on videotape with lead II ECG. End 
diastole was selected as the videotape frame corresponding 
to the peak of the R wave on the recorded ECG, and end 
systole corresponded to the image with smallest left ven- 
tricular area following end diastole. Three consecutive 
cardiac cycles were analyzed for end-systolic internal di- 
mension, end-systolic area, end-diastolic area, area ejec- 
tion fraction, and posterior wall thickness. The short axis 
area ejection fraction was estimated with the equation: 
left ventricular end-diastolic dimension — end-systolic di- 
mension. 

End-diastolic dimension. End-systolic meridional wall 
stress’ was calculated with the following equation (10° 
dyne/cm’): 0.334 X (peak systolic pressure) X end-systolic 
dimension (ESD). 

Posterior wall thickness was calculated, (h) x a +h/ 
ESD).®? Abnormal wall stress was defined as > 100 10° 
dyne/cm?. 

Surgical Technique. All operative procedures were per- 
formed by one of two surgeons (RIM performed 15 of 
the operations, WGW performed eight) with a standard- 
ized technique involving a midline laparotomy incision, 
minimal aortic and iliac dissection, and placement of a 
straight aortic dacron graft whenever possible. Proximal 
anastomoses were performed with a running suture tech- 
nique and required 15-20 minutes of operative time. 

Statistical Analysis. Statistical significance of the ob- 
served changes in the variables throughout Studies 1-5 
was assessed with the Student’s paired t-test. Differences 
tetween the groups of patients with and without CAD 
were assessed with the Student’s unpaired t-test and the 
Wilcoxon’s signed rank test. 


Results 


During the operation, no evidence of myocardial isch- 
emia was detected with the ECG. No myocardial ischemia 
was detected in the serial 12-lead ECGs obtained after the 
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TABLE 2. Hemodynamic and RNA Volumetric Data (n = 23) (mean + SD) 
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Variable Study 1 Study 2 
Heart rate (bpm) 66 + 12 68 + 12 
Systolic blood pressure (mmHg) 127 + 19 142 + 20 
ee y eee 
Mean blood pressure (mmHg) 82 + 12 91 + [3 
ay 200 
Cardiac output (l/min) ae a Tati 
T E T aia 
LV ejection fraction 0.56 + 0.18 0.48 + 0.14 
p< 0.01 
LV end-diastolic volume (ml) 171 + 60 225 + 70 
p < 0.001 en 
Pulmonary artery diastolic 
pressure (mmHg) 144+4 iS+5 
LV End-systolic volume (ml) 85 + 65 127 + 80 
= p< 0.001____] 
RV ejection fraction 0.56 + 0.10 0.53 + 0,12 
Pulmonary blood volume (ml) 870 + 50 1301 + 70 
bp 0nd 


Serial data for the population are presented. Study 3 was accomplished 
for 14 patients 


operation, and at 1-month after discharge, no patient ex- 
perienced myocardial infarction, stroke, or death. 

During the five study intervals, no changes in the re- 
gional left ventricular wall motion were noted. In addition, 
the heart rate was constant during the five study intervals 
(Table 2). Therefore, cardiac function could be compared 
by individual beat volume analysis without secondary in- 
fluences in the ventricular filling or ejection caused by 
variations in the heart rate. 


Aortic Occlusion Studies 


Aortic occlusion (Study 2) increased the systolic and 
mean blood pressures to 15 mmHg and 9 mmHg, re- 
spectively. These remained elevated above baseline at the 
time of Study 3 (p < 0.02). The cardiac output increased 
from 5.8 to 7.1 l/minute. An increase in left ventricular 
preload was evident with a larger end-diastolic volume 
(from 171 to 225 ml) and a slight increase in the PAD 
pressure (from 14 to 15 mmHg) (Table 2). Clamping of 
the aorta reduced the left ventricular ejection fraction 
(from 0.56 to 0.49), whereas the end-systolic volume in- 
creased (from 85 to 127 ml). Consistent with an increase 
in left ventricular preload, the pulmonary blood volume 
also increased from 870 to 1301 ml. Right ventricular 
ejection fraction did not change with aortic occlusion. 
Data were available for analysis at Study 3 for 14 patients, 


Study 3 Study 4 Study 5 
68 + 13 68 + 12 66 + 12 
135 + 16 106 + 15 132 + 16 
ae — ae 
84+ 8 69 + 10 85 +10 
=a p < 0.001 ears br p< 0.00: 
7.0 t+ 1.6 7.6 42.2 6.0 + 1.8 
Es thoi he ot 
0.51 + 0.10 l 0.58 + 0.18 0.58 + 0.18 
= sidis] 

205 + 51 187 + 65 167 + 60 
cee < 0.001 —e = < 0.001 oa 
1444 i1245 i143 

p < 0.05 
105 + 60 94 + 70 79 = 60 
a | en Lp <0.001—— 
0.57 + 0.10 0.55 + 0.10 0.60 = 0.11 
. ee eee 
1283 + 65 1247 + 60 1000 + 60 
ae ees 


LV = left ventricle. 
RV = right ventricle. 


and no parameter changed significantly from the values 
obtained during Study 2 (Table 2). 


Release of Aortic Occlusion 


Release of aortic occlusion (Study 4) decreased systolic 
and mean blood pressures immediately to 106 mmHg 
and 69 mmHg, respectively. Left ventricular preload fell 
when measured by the end-diastolic volume (from 205 
to 183 ml) or the PAD pressure (from 14 to 12 mmHg). 
Left ventricular ejection fraction increased from 0.53 
to 0.61, and end-systolic volume decreased from 105 
to 94 ml. 


Postoperative Study 


At the time of postoperative study (Study 5), all param- 
eters returned to the values obtained during Study 1. The 
systolic blood pressure increased (from 106 to 132 
mmHg), and the mean blood pressure increased (from 61 
to 85 mmHg) in comparison with Study 4. Cardiac output 
decreased compared with Study 4 (from 7.6 to 6.0 1/min), 
whereas left ventricular preload returned to the values 
obtained during the first study (end-diastolic volume 167 
ml, PAD 14 mmHg) (Table 2). 
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The linear relationships obtained comparing left ven- 
tricular preload measured with estimates of left ventricular 
end-diastolic pressure and volume are represented in Fig- 
ures 1A-C. The RNA end-diastolic volume (ml) and the 
Swan-Ganz PAD pressure (mmHg) had a poor correlation 
(R = 0.38) (Fig. 1A). If preload was measured with the 
echocardiographic end-diastolic area (cm7), the correlation 
estimate with PAD pressure was only R = 0.21 (Fig. 1B). 
When the two volumetric measures of preload were com- 
pared across studies, a significant correlation was observed 
(R = 0.84) (Fig. 1C). In addition, short axis area ejection 
fraction and RNA volumetric left ventricular ejection 
fraction had a good correlation (R = 0.84). 

Left ventricular wall stress quantified by the meridional 
approach correlated well with RNA left ventricular ejec- 
tion fraction and echocardiographic short axis left ven- 
tricular area ejection fraction (R = 0.88 and R = 0.91, 
respectively) (Figs. 2A and 2B). Aortic cross-clamping 
significantly increased wall stress, whereas unclamping 
significantly decreased it (Table 3). End-systolic meridi- 
onal wall stress returned to baseline values after comple- 
tion of the operation. 
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Fics. 1A-C. Linear regression analysis depicts the relationship between 
(A) preload mzasured with the RNA end-diastolic volume and Swan- 
Ganz catheter measured with PAD pressure, (B) the echocardiographic 
end-diastolic area and Swan-Ganz catheter measured PAD pressure, and 
(C) RNA end-diastolic volume and echocardiographic end-diastolic area. 
Note that there was a good correlation between the RNA end-diastolic 
volume and echocardiographic end-diastolic area. 


. ° 
“ 


Comparison of CAD and Non-CAD Subgroups 


No difference in age, aneurysm size, prosthetic graft 
size, total operative time, aortic cross-clamp time, or op- 
erative blood loss was observed in the CAD and non- 
CAD subgroups. The cardiac output and left ventricular 
ejection fraction were lower, and end-diastolic and end- 
systolic volumes were higher in the CAD population (Ta- 
ble 4). The course of change in left ventricular end-dia- 
stolic volume throughout the operation was similar for 
the CAD and the non-CAD subsets (Figs. 3A and 4A). 
Patients with CAD had a lower mean left ventricular ejec- 
tion fraction than patients in the non-CAD group at every 
study, but the course of change in ejection fraction was 
also similar in both groups (Figs. 3B and 4B). 


Discussion 


During aneurysm repair, several points of increased 
myocardial stress have been identified. Fiser et al.’° found 
a decrease in the thermodilution cardiac index and an 
increase in the peripheral vascular resistance at the mo- 
ment the aorta was clamped. Attia et al.? demonstrated 
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Fics, 2A and B. Significant correlations were evident comparing (A) left ventricular end-systolic meridional wall stress with RNA left ventricular 
ejection fraction and (B) echocardiographic left ventricular short axis area ejection fraction. 


an increase in the pulmonary capillary wedge pressure 
after cross-clamping the aorta in patients with CAD and 
found evidence of myocardial ischemia in three patients 
with pulmonary capillary wedge pressure > 7.mmHg. The 
purpose of this project was to define these and other 
changes in heart function during aneurysm operation. Use 
of the first-pass RNA allowed for evaluation of left and 
right ventricular performance, volumetrically measured 
preload, and with echocardiography, an estimation of af- 
terload. These data are not available from the Swan-Ganz 
catheter. Preload can be measured with the Swan-Ganz 
catheter, but Kalman et al.'':'* found that the pulmonary 
pressures were a poor index of preload in this patient 
poptlation. Changes in ventricular diastolic compliance 
that occurred after aortic cross-clamping made estimates 
of left ventricular end-diastolic pressure unreliable. Com- 
pliance was not a problem if preload was measured vol- 
umetrically either by RNA or two-dimensional echocar- 
diography, and results from this project suggest that the 
use of the portable RNA or trans-esophageal echocardi- 
ograph can assess filling during major vascular surgery. 
Among the effects of aortic occlusion on cardiac func- 
tion, the most important was increased ventricular wall 
stress. Elevated wall tension can contribute to decreased 
global ventricular function and possible myocardial isch- 
emia secondary to reduced subendocardial perfusion. As 
the clamp was placed on the aorta, end-systolic meridional 


wall stress increased, signifying a sudden increase in af- 


terload. After the discontinuation of the aortic occlusion, 


there was a precipitous fall in left ventricular wall stress. 
These changes in afterload accounted for much of the 
adaptation in cardiac function that occurred during 
aneurysm repair. When the aorta was clamped, an increase 
in the end-diastolic volume was necessary to maintain the 
stroke volume and cardiac output. This created a lower 
left ventricular ejection fraction and a higher end-systolic 
volume. The cardiac output increased slightly after aortic 
occlusion, probably because of an enhanced catechol- 
amine state. This slight increase in the baseline level of 
catecholamines was suggested by insignificant increases 
in the heart rate and the peak systolic pressure/end-systolic 
volume ratio. 

After’ the clamp was removed and arterial perfusion 
was restored to the lower limbs, a decrease in left ven- 
tricular preload was noted as blood pooled in the vaso- 
dilated veins.'*!> No change was observed in the right 
ventricular ejection fraction during declamping because 
of aggressive I.V. fluid resuscitation, although it increased 
slightly with complete fluid replacement. 

The use of the first-pass RNA also allowed for a direct 
evaluation of left heart function during the aneurysm re- 
pair. Previous investigations have demonstrated that the 
majority of the left ventricular contraction involves a de- 
crease in short axis area more than a change in the ven- 
tricular long axis.'© The good correlation found in this 
study between echocardiographic left ventricular short axis 
area ejection fraction and RNA volumetric ejection frac- 
tion supports that hypothesis. In addition, having observed 


TABLE 3, Left Ventricular Meridional End-Systolic Wall Stress 


Study |! Study 2 
Variable Mean + SD p Value Mean + SD 
Wall stress 53 + 40 67 + 44 


(10? dyne/cem?) 


Study 3 Study 5 
p Value Mean + SD p Value Mean + SD p Value 
45 + 38 54 + 35 


L___.<9,Q1 —___— L_______ <0,01 ——-_J) L____—. <9,01 —__--_| 
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TABLE 4, Differences Between Greups 


Variable (mean + SD) 


(Study 1) Non-CAD (n = 13) . 
LV ejection fraction 0.68 + 0.08 
LV end-diastolic volume (ml) 146 + 22 
LV end-systolic volume (ml) 48 + 20 
Cardiac output (l/min) 6.3+ 1.4 


Results of the unpaired Student’s t-test and Wilcoxon’s signed rank 
are depicted for RNA Study 1. Significant difference were found for the 


a similar trend in preload and ventricular performance 


with two different technologies, the observations rein- 
forced one another. 

Co-existing CAD can also affect cardiac function during 
aneurysm repair. A majority of morbidity and mortality 
that occur during elective aneurysm surgery is related to 
co-existing CAD, and a retrospective review of major vas- 
cular surgery at the Cleveland Clinic revealed a 7% in- 
crease in perioperative mortality in patients with con- 
comitant CAD." Hertzer et al.'® found on routine coro- 
nary angiography that 31% of patients with an AAA had 
significant CAD. Wilcoxon analysis between the subgroup 
of CAD patients and the non-CAD patients demonstrated 
that a reduced level of cardiac function was present in the 
CAD patients. No other factors were significantly different 
between the two groups, and the effect of aortic occlusion 
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Left 
Ventricular 
End-diastolic 
Volume 200 
(mt) 


Left 
Ventricular 
` Ejection 

Fraction 


RNA. Study 


Fics. 3A and B. Grouped data for the population demonstrate changes 
in (A) RNA left ventricular end-diastolic volume and (B) left ventricular 
ejection fraction during Studies 1-5. 








Student’s t-test Wilcoxon 
CAD (n = 10) p Value p Value 
0.42 + 0.17 0.002 0.002 
213 +70 0.07 0.10 
131 +75 0.03 0.01 
45+ 1.1 0.004 0.005 


` Jeft ventricular (LV) ejection fraction, end-diastolic volume, end-systolic 


volume, and the cardiac output. 


on right and left ventricular function was similar in both. 
Even patients with left ventricular ejection fraction < 0.30 
and a large end-diastolic volume did not become ischemic 
after a sudden increase or decrease in afterload. These 
patients augmented cardiac function through the use of 
preload reserve as did the remainder of the population. 
Analysis of the changes in left ventricular ejection fraction, 
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Fics. 4A and B. The mean + standard deviation values of (A) left ven- 


tricular end-diastolic volume and (B) left ventricular ejection fraction 
are shown for Studies 1-5. A difference was evident for the ten patients 
with coronary artery disease compared with the 13 others. Although left 
ventricular ejection fraction was significantly lower and end-diastolic 
volume was higher for the subset with CAD, similar trends were observed 
during aortic occlusion and after limb reperfusion for both groups. Ad- 
ditionally, baseline function was recovered for both groups during 
Study 6. 
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end-diastolic volume, and end-systolic volume during the 
study demonstrated a similar trend for all of the patients, 
regardless of the degree of baseline dysfunction or severity 
of CAD. These data suggest that patients with poor ven- 
tricular function and a large AAA can undergo safe elec- 
tive repair after an adequate assessment before operation 
and careful monitoring during aortic occlusion and limb 
reperfusion. 
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A unique antibiotic 


O Extensive clinical experience 


o Comprehensive Bacteroides 
fragilis group coverage” 

oO Consistent activity** 
(virtually unchanged over time) 
against Bacteroides fragilis 


o No MITT side chain 


MEFOXIN is indicated for the treatment of intraabdominal, 

gynecological, lower respiratory tract, and skin and skin- a 
structure infections due to designated susceptible 7 
organisms including members of the Bacteroides fragilis 

group. (See Brief Summary for complete listing of 

indications.) 


MEFOXIN is contraindicated in patients who have shown 
hypersensitivity to cefoxitin and the cephalosporin group of 
antibiotics. Before therapy with MEFOXIN is instituted, 
careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to 
cefoxitin, cephalosporins, penicillins, or other drugs. This 
product should be given with caution to penicillin-sensitive 
patients. 

Pseudomembranous colitis, from mild to life-threatening in 
severity, has been reported with virtually all antibiotics 
(including cephalosporins); therefore, it is important to 
consider its diagnosis when diarrhea develops in 
association with antibiotic use. 
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*Percent susceptible at 16 mcg/mL: B. fragilis (91%), B. thetaiotaomicron (84%), 
B. distasonis (78%), B. vulgatus (88%), and B. ovatus (79%)—based on Antibiotic 
Susceptibility Reports, National Summary, in The Bacteriologic Report: Volume | 
1987 Totowa, NJ, BAC-DATA® Medical Information Systems, Inc., 1987. M 4 D 


**/n vitro activity does not necessarily imply in vivo effectiveness. 
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Indications and Usage: /reatment—Serious infections caused by susceptible strains 
of the designated microorganisms in the following diseases: 

LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess, 
caused by Streptococcus pneumoniae, other streptococci (excluding enterococci, e.g., 
Strep. faecalis), Staphylococcus aureus (penicillinase and non-penicillinase producing), 
Escherichia coli, Klebsiella species, Hemophilus influenzae, and Bacteroides species. 
GENITOURINARY INFECTIONS. Urinary tract infections caused by £. coli, Klebsiella 
species, Proteus mirabilis, indole-positive Proteus (which include the organisms now 
Called Morganella morganii and Proteus vulgaris), and Providencia species (including 
Providencia rettgeri). Uncomplicated gonorrhea due to Neisseria gonorrhoeae 
(penicillinase and non-penicillinase producing). 

INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, 
caused by E. coli, Klebsiella species, Bacteroides species including the B. fragilis 
group,* and Clostridium species. 

GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic 
inflammatory disease, caused by F. coli, N. gonorrhoeae (penicillinase and non- 
penicillinase producing), Bacteroides species including the B. fragilis group, * 
Clostridium species, Peptococcus species, Peptostreptococcus species, and group B 
streptococci. 

SEPTICEMIA caused by Strep. pneumoniae, Staph. aureus (penicillinase and non- 
peniciljinase producing), E. coli, Klebsiella species, and Bacteroides species including 
the B. fragitis group. * 

BONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non- 
penicillinase producing). 

SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and 
non-penicillinase producing), Staph. epidermidis, streptococci (excluding enterococci, 
e.g., Strep. faecalis), E. coli, P mirabilis, Klebsiella species, Bacteroides species including 
the B. fragilis group,* Clostridium species, Peptococcus species, and Pepto- 
Streptococcus species. 

Although appropriate culture and susceptibility studies should be performed, therapy may 
be started while awaiting these results. Cefoxitin is not active in vitro against most strains 
of Pseudomonas aeruginosa and enterococci (e.g., Strep. faecalis) and many strains of 
ogi cloacae. Methicillin-resistant staphylococci are almost uniformly resistant to 
cefoxitin. 

Prevention—Prophylactic use in surgical procedures (e.g., hysterectomy, gastrointestinal 
surgery, Cesarean section, transurethral prostatectomy) classified as contaminated or 
potentially contaminated or in patients in whom subsequent infection at the operative site 
would present a serious risk, e.g., prosthetic arthroplasty. 

MEFOXIN® (Cefoxitin Sodium, MSD) usually should be given 1% to 1 hour before surgery 
and should usually be stopped within 24 hours since continuing administration of any 
antibiotic increases the possibility of adverse reactions but, in the majority of surgical 
procedures, does not reduce the incidence of subsequent infection. However, in patients 
undergoing prosthetic arthroplasty, it is recommended that MEFOXIN be continued for 72 
hours after the surgical procedure. If there are signs of infection, specimens for culture 
should be obtained for identification of the causative organism so appropriate treatment 
may be instituted. 

ortega Previous hypersensitivity to cefoxitin and the cephalosporin group 
of antibiotics. i 
Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE 
TO DETERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, 
CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. GIVE WITH CAUTION TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH 
CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY 
PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO CEFOXITIN OCCURS, 
DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE 
EPINEPHRINE AND OTHER EMERGENCY MEASURES. 

Pseudomembranous colitis, from mild to life-threatening in severity, has 
been reported with virtually all antibiotics (including cephalosporins); 
therefore, it is important to consider its diagnosis when diarrhea develops in 
association with antibiotic use. Broad-spectrum antibiotics alter normal flora of 
colon and may permit overgrowth of clostridia; a toxin produced by Clostridium difficile is 
a primary cause of antibiotic-associated colitis. Mild cases may respond to drug 
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discontinuance alone; in more severe cases, Management may include sigmoidoscopy, 
appropriate bacteriological studies, fluid, electrolyte anc protein supplementation, and use 
of a drug such as oral vancomycin; isolation of the patient may be advisable. Other causes 
of colitis should also be considered. 

Precautions: Genera/—Total daily dose should be reduced in patients with reduced 
urinary output due to renal insufficiency because high and prolonged serum antibiotic 
concentrations can occur from usual doses. Prescribe with caution in patients with a 
history of gastrointestinal disease, particularly colitis. Prolonged use may result in 
overgrowth of nonsusceptible organisms; repeated evaluation of the patient's condition is 
essential. If superinfection occurs, take appropriate measures. 

Drug Interactions—Increased nephrotoxicity has been reported following concomitant 
administration of cephalosporins and aminoglycoside antibiotics. 

Drug/Laboratory Test Interactions—High concentrations (> 100 mcg/mL) may interfere 
with measurement of serum and urine creatinine levels by the Jaffé reaction and produce 
false increases of modest degree in creatinine levels reported; serum samples should not 
be analyzed for creatinine if withdrawn within 2 hours of cefoxitin administration. High 
concentrations may interfere with measurement of urinary 17-hydroxy-corticosteroids by 
the Porter-Silber reaction and produce false increases of modest degree in levels reported. 
A false-positive reaction for glucose in urine has been observed with CLINITEST** 
reagent tablets. 

Carcinogenesis, Mutagenesis, Fertility Impairment—No long-term animal study has been 
performed on carcinogenic or mutagenic potential. Rat studies at approximately three times 
maximum recommended human dosage revealed no effects on fertility or mating ability. 
Pregnancy Category B—Reproduction studies in rats and mice did not reveal teratogenic 
or fetal toxic effects, although fetal weights were slightly decreased. In rabbits, cefoxitin 
was associated with a high incidence of abortion and maternal death, neither considered 
teratogenic. There are, however, no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 

Nursing Mothers—Excreted in human milk: Exercise caution. 

Pediatric Use—Satety and efficacy in infants from birth to three months have not yet been 
established. In children three months and older, higher doses have been associated with 
increased incidence of eosinophilia and elevated SGOT. 

Adverse Reactions: The most common adverse reactions have been local reactions 
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The Role of Prostacyclin in the Mesenteric Traction 
Syndrome During Anesthesia for Abdominal Aortic 


Reconstructive Surgery 





ALEXANDRU GOTTLIEB, M.D.,* VICTOR A. SKRINSKA, PH.D.,¢ PATRICK O'HARA, M.D., AZMY R. BOUTROS, M.D.,” 


Mesenteric traction syndrome consists of sudden tachycardia, 
hypotension, and cutaneous hyperemia, and frequently occurs 
during mesenteric traction in patients undergoing abdominal 


aortic aneurysm (AAA) reconstructive surgery. The etiology and ` 


clinical impact of this phenomenon are unknown, but the symp- 
toms suggest a release of vasoactive materials from the mes- 
enteric vascular bed. Thirty-one patients who underwent AAA 


surgery were studied. Mesenteric traction was accompanied by | 


a decrease in systolic (p = 0.005) and diastolic (p < 0.05) blood 
pressures, and in systemic vascular resistance (p < 0.005), and 
was accompanied by an increase in heart rate (HR) (p < 0.005), 
and cardiac output (p = 0.01). These hemodynamic changes co- 
incided with an increase (p <0 .001) in plasma concentrations 
of 6-keto-prostaglandin F; (6-K-PGF,). No apparent change was 
found in prostaglandin E,, thromboxane B, and histamine con- 
centrations. The concentration of 6-K-PGF, was correlated with 
diastolic blood pressure (r = —0.52, p < 0.005) and HR (r 
= 0.65, p < 0.001). Cutaneous hyperemia was observed in 58% 
of the patients. In an additional six patients, who had taken 


aspirin daily before AAA surgery, no significant changes were | 


observed in the hemodynamic measurements or 6-K-PGF, con- 
centrations. These data suggest that mesenteric traction syn- 


drome may be mediated at least in part by a selective release of 


prostacyclin. 


N PATIENTS undergoing aortic abdominal aneurysm 
(AAA) resection, Selzer et al.! have described a de- 


crease in blood pressure, increase in heart rate, and 


facial flushing during traction of the abdominal mesentery. 
The intensity of these hemodynamic changes was variable, 
but in severe cases may contribute to cardiac instability 
and necessitate vasopressor therapy. Other reports of he- 
modynamic changes during mesenteric traction have been 
confusing and contradictory.?* In the majority of patients 
undergoing AAA surgery, we have noted similar hemo- 
dynamic changes to those reported by Seltzer et al.' 
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Although the etiology of this phenomenon remains un- 
certain, it is reasonable to consider that a vasoactive sub- 
stance may be released by mechanical stimulation of the 
mesentery and contribute to the observed hemodynamic 
changes. It is of particular interest that the hemodynamic 
effects described during infusions of prostacyclin (PGI) 
in humans” ’are similar to hemodynamic changes ob- 
served during mesenteric traction.! This study describes 
the hemodynamic changes we observed during maximal 
mesenieric traction and plasma levels of vasoactive sub- 
stances such as histamine and prostaglandins. 


Methods and Materials 
Patient Selection 


Thirty-seven patients scheduled for reconstruction of 
the infrarenal aorta were selected for this study. The pa- 
tients ranged in age from 50 to 85 years, with a mean of 
67 years. The study group included ten women and 27 
men. Six patients had diabetes. All patients underwent 
preoperative cardiac catheterization. Left ventricular 
function was impaired in 16 patients. Fourteen patients 
received daily coronary vasodilator medications, and 
fourteen patients received daily antihypertensive drugs. 
Six patients were administered aspirin daily, and 31 pa- 
tients were not administered aspirin or other medications 
that inhibit arachidonic acid metabolism for at least 1 
week before surgery. 


Hemodynamic Measurements 


Patients were premedicated with diazepam, and general 
anesthesia was induced with oxygen/nitrous oxide, fen- 
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tanyl and pancuronium bromide. Anesthesia was main- 
tained with isoflurane and fentanyl. Pancuronium bro- 
mide was administered as indicated. Inotropic vasodilator 
or vasopressor agents were not used for 30 minutes before 
or after the hemodynamic measurements were recorded. 
These hemodynamic measurements included heart rate 
(HR), pulmonary artery wedge pressure (PAWP), systolic 


and diastolic arterial pressures, thermodilution cardiac - 


output (CO), systemic vascular resistance (SVR), and 
pulmonary vascular resistance (PVR). 


Sample Collection 


Venous blood samples were collected at three specific 


times. Time | was after induction of anesthesia but before 
skin incision, which provided a baseline measurement, 
taking into account any effects of the anesthesia. Time 2 
was during maximal mesenteric traction, which was con- 
sidered to be the point of maximal expansion of the O- 
ring retractor. Time 3 was after re-establishing blood flow 
to the lower extremities but before closure, to provide a 
second baseline when hemodynamic changes had stabi- 
lized. 

At Times 1, 2, and 3, 5 ml of blood was drawn and 
immediately transferred to tubes containing 14 mg of ed- 
etic acid (EDTA) and 1 mg of indomethacin. The samples 
were centrifuged to obtain plasma and stored at —70 C 
until assayed for 6-keto-prostaglandin F, (6-K-PGF)), 
prostaglandin E, (PGE2), and thromboxane B, (TXB). 
For analysis of histamine, 10 ml of blood was drawn at 
Times j, 2, and 3, and was immediately transferred to 
tubes containing 20 mg of potassium oxalate. The blood 
was frozen at —70 C until assayed for histamine. 


Prostaglandin and Histamine Assays 


The plasma concentrations of 6-K-PGF;, PGE», and 
TXB, were determined by radioimmunioassay using spe- 
cific antisera from Seragen, Inc. (Boston, MA), Institut 
Pasteur (Paris), and Dr. H. H. Tai (University of Ken- 


tucky), respectively, as previously described.® The mean . 


minimum detection limits based on a B/B, > 80% for 6- 
K-PGF,, PGE2, and TXB, were 266, 20, and 41 pg/ml“, 
respectively. 

The concentration of histamine in blood was deter- 
mined as previously described.? The assays were per- 
formed in the laboratory of Dr. A. H. Anton (University 
_Hosprtals, Cleveland, Ohio). The assay had a sensitivity 
of 10 ng/ml7' based on a measurement twice that of the 
blank reading. 


Estimation of Cutaneous Hyperemia 


For all patients, cutaneous hyperemia was estimated 
from the extent of facial flushing at Time 2 by the same 
observer. Patients showing no evidence of flushing were 
assigned Level 0. Level 1 was assigned to patients whose 
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extent of facial flushing ranged from slight to moderate 
flushing, but not complete facial flushing. Patients with 
complete facial flushing were assigned Level 2. 


Statistical Analysis 


Comparisons of hemodynamics between Times 1 and 
2, and from Times 1 to 3, were made using the paired t- ` 
test. For prostaglandins and histamine, the nonparametric 
signed rank test was used because the exact level of these 
measurements was not known for patients whose levels 
of prostaglandins and histamine fell below the detectable 
limit. The levels for 6-K-PGF, were correlated with he- 
modynamic measurements using Speerman’s rank cor- 
relation for the same reason. Mean values of hemody- 
namic parameters were compared by analysis of variance 
for the three flushing groups. For variables in which there 
was an overall significant difference among the flushing 
groups, pairwise comparisons were made using the t-test 
with a Bonferroni adjustment. This requires that a specific 
pairwise comparison be significant at the 0.017 level to 
be considered important. Prostaglandin levels were com- 
pared for the three levels of flushing using the Kruskal- 
Wallis nonparametric test. Pairwise comparisons were 
made using the Wilcoxon’s rank-sum test with a Bonfer- 
roni adjustment. 


Results 


At Time 1, the systolic and diastolic blood pressures 
and HR of six patients who had received aspirin daily 
before surgery were in the same range as measurements 
in patients who had not, as shown in Tabl2 1. The systolic 
and diastolic blood pressures and SVR significantly de- 
creased, whereas HR and CO increased at Time 2 in pa- 
tients who did not receive aspirin. However, patients who 


‘received aspirin showed no apparent change in hemo- 


dynamics between Times 1 and 2. The hemodynamic 
measurements at Time 3 were not significantly different 
from the measurements at Time 1, with the exception of 
HR, which remained significantly elevated in patients who 
did not receive aspirin. The measurements at Time 3 for 
patients who had received aspirin were similar to the 
measurements at Time 1. 

The median plasma concentrations 3f 6-K-PGF,, 
TXB, and PGE; in patients who did not receive aspirin 
are shown in Table 2. At Time 2, the median level of 6- 
K-PGF; increased significantly, but there was no signifi- 
cant increase in either TXB, or PGE; for atsolute change 
compared with Time 1. Time 3 levels of 6-K-PGF,, TXB3, 
and PGE, were not significantly increased when compared 
with Time 1. In patients who received aspirin, the 6-K- 
PGF, levels were below the detection limit at Times 1, 2, 
and 3 in all patients except one, who had a measureable 
level of 638 pg/ml! at Time 2. No PGE, measurements 
were made in patients with aspirin. The TXB, levels were 
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TABLE 1. Hemodynamic Measurements (mean + SE) Obtained Before (Time 1), During (Time 2), and After (Time 3) 
Mesenteric Traction in Patients Receiving and Not Receiving Aspirin 


l 


Measurement . Aspirin (No. of Patients) 

Systolic blood pressure, mmHg E 132+5 (1) 
+ 124+ 12 (6) 

Diastolic blood pressure, mmHg — 71+3 (3!) 
+ 73+4 (6) 

HR beats/min"! = 70.8 + 2.6 (31) 
+ 77.7 + 12.0 (6) 


Cardiac output, 1/min" 
SVR dyne/second/cm 


PAWP mmHg 


Pulmonary Vascular Resistance, 


j 


4.7+04 (14) 


1648 + 176 (13) | 


13.0 + 1.8 (13) 
138 +22 (13) 


Time 


2 
(No. of Patients) 


116 +4* (31) 
124+ 10 (6) 


63+2f (31) 
T7447 (6) 


86.1 + 3.9" (31) 
67.7434 (6) 


6.4 + 0.5¢ (12) 
944 + 113* (12) 
11.3414 (12) 
108+14 (12) 


3 
(No. of Patients) 


13143 (30) 
132+13 (4) 


69+2 (30) 
7348 (4) 


81.3 + 2.6* (30) 
74.2+5.6 (4) 
5.5+0.8 (10) 
1251 + 173 (9) 
10.7 + 1.4 (10) 
273 +85 (9) 
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dyne/s/cm™* 


* p = 0.005 versus Time 1, paired t-test. 


below the detection limit at Times 1, 2, and 3 in four of 
the six patients. Two patients had levels of 372, 418, 145 
pg/ml7', and 100, 144, 120 pg/ml! for Times 1, 2, and 
3, respectively. 

As shown in Figure 1, the levels of 6-K-PGF;, in patients 
who did not receive aspirin showed a significant negative 
correlation with the diastolic blood pressure at Time 2. 
The 6-K-PGF, also showed a significant positive corre- 
lation (r = 0.65, < 0.001, n = 31) with the HR at Time 
2, as shown in Figure 2. 

Histamine concentrations in whole blood were mea- 
sured in 19 patients. The levels were below detection at 
Times |, 2, and 3 in all but three patients. In those three 
patients with measureable levels of histamine, there were 
no apparent differences between the measurements at 
Times 1, 2, and 3 (n = 3, mean = 26, 15, and 13 ng/ 
ml7!, respectively). 

Level 0 facial flushing was observed in 13 patients, Level 
1 in eleven patients, and Level 2 in seven patients from 
the study group of patients who were not administered 
aspirin. In patients who were administered aspirin, Level 
O flushing was observed in four patients and Level 1 
flushing was observed in two patients. Figures 3 and 4 
show the measurements for CO and SVR at Time 2 in 


TABLE 2. Median Plasma Concentrations of Prostaglandins Before 
(Time 1), During (Time 2), and After (Time 3} Mesenteric 
Traction in Patients Who Lid Not Receive Aspirin 


Time 
Prostaglandin No. of Patients l 2 3 
6-K-PGF;,, 31 ND* 838+ ND 
TXB, 31 85 146 92t 


PGE, 10 ND§ 26 22 


* Below the mean detection limit of 266 pg/mI”! for 6-K-PGF,,. 
t p < 0.001 versus Time 1, signed rank test. 

tn = 27, 

§ Below the mean detection limit of 20 pg/ml~! for PGE,. 


+ p < 0.05 versus Time 1, paired t-test. 


patients who did not receive aspirin when grouped ac- 
cording to the level of facial flushing. Similarly, Figure 5 
shows the 6-K-PGF; concentrations at Time 2 for patients 
with different levels of flushing. A significant increase in 
CO was found in patients with Level 1 and Level 2 flush- 
ing, and 6-K-PGF; concentrations were found in Level 2 
patients. Significantly lower SVR was observed in patients 
with Level 2 flushing. 


Discussion 


Traction of the mesentery is required in the majority 
of abdominal vascular operations to expose the aorta. We 
have observed that mesenteric traction is often &ccom- 
panied by hypotension, tachycardia, and facial flushing. 
This hemodynamic instability in some patients is quite 
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FIG. 1. Scatterplot of plasma 6-K-PGF, concentration versus diastolic 
blood pressure at Time 2. 
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Fic. 2. Scatterplot.of plasma 6-K-PGF, concentration versus HR at 
Time 2. 
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FIG. 3. Mean + SE cardiac output at Time 2 in patients with no facial 
flushing (Level 0, n = 4), slight to moderate facial flushing (Level 1, n 
= 5), and complete facial flushing (Level 2, n = 3). (* ‘= p < 0.017 ys. 
Level 0 results). ys 
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Fic. 4. Mean + SE SVR at Time 2 in patients with no facial flushing 
{Level 0, n = 4), slight to moderate facial flushing (Level 1, n = 5), and 
complete facial flushing (Level 2, n = 3). (* = p < 0.017 vs. Level 0 
results). 


pronounced and requires vasopressor therapy for blood 
pressure support. The etiology of the mesenteric traction 
syndrome remains unclear in previous reports.** Hypo- 
tension, tachycardia, and facial flushing, as we observed 


_ in this study, are side effects that often occur during in- 


fusion of PGI, in human subjects.*’ We have found that 
the plasma concentrations of 6-K-PGF; (the stable me- 
tabolite of PGI) are. significantly elevated at maximal 
mesenteric traction in comparison with the concentrations 
before skin incision. The levels of 6-K-PGF, measured 
during mesenteric traction were significantly correlated 
with the decrease in diastolic blood pressure and the in- 
crease in HR. Furthermore, patients with complete facial 
flushing had higher concentrations of 6-K-PGF, than 
those with no flushing. After re-establishing blood flow to 
the lower extremities, the hemodynamic changes as well 
as the 6-K-PGF; concentrations returned almost to 
preincision levels. The endogenous release of vasoactive 
eicosanoids such as PGL, PGE, and TXA, can be caused 
by ischemia, trauma, and other vasoactive media- 
tors.!°'!3 Measurement of PGE», TXB, (the stable metab- 
olite of TXA2), and histamine, however, showed no de- 
tectable change during mesenteric traction. 
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Fic. 5. Mean + SE plasma 6-K-PGF, concentrations at Time 2 in patients 
with no facial flushing (Level 0, n = 13), slight to moderate facial flushing 
(Level 1, n = 11), and complete facial flushing (Level 2, n = 7). (* = p 
< 0.005 vs. Level 0 results). 


Other authors '*'* have shown that plasma 6-K-PGF;, 
levels are increased during AAA surgery. However, these 
measurements were obtained at 30 minutes after skin in- 
cision and were not discussed with respect to a specific 
point in the surgical procedure. It is possible that many 
of the samples taken at 30 minutes coincided with ma- 
nipulation of the abdominal mesentery, and that the re- 
ported increase in 6-K-PGF, may have been associated 
with mesenteric traction. 

Further supporting the contribution of PGI, to the 
mesenteric traction syndrome, a limited number of pa- 
tients who had received aspirin daily before surgery had 
no significant change in hemodynamic measurements 
during maximal mesenteric traction. These patients also 
had no increase in 6-K-PGF; concentration. 

During preparation of this manuscript, Seltzer et al.” 
reported significant correlations of 6-K-PGF; levels with 
SVR and CO during mesenteric traction in a limited 
number of patients.. They also confirmed the release of 
PGI, during traction by demonstrating relaxation of cat 
mesenteric artery strips and inhibition of both the he- 
modynamic changes and elevation of 6-K-PGF;, in four 
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patients pretrzated with ibuprofen. In this study, we sup- 
port the observations of Seltzer et al.’’ Furthermore, we 
have found a significant relationship between 6-K-PGF, 
and diastolic pressure, HR, and flushing. 

In conclusion, the high levels of 6-K-PGF; measured 
during mesenteric traction, the correlations with hemo- 
dynamic changes, and their suppression by aspirin suggest 
that endogenous release of PGI, may contribute to the 
mesenteric traction syndrome. The lack of detectable 
changes in PGE,, TXB, and histamine levels implies a 
relatively specific release of PGI,, possibly from direct 
mechanical stimulation of the mesenteric vascular bed. 
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The 1986 Terrorist Bombing Experience in Paris 





DANIEL P. RIGNAULT, M.D., F.A.C.S. and MICHEL C. DELIGNY, M.D. 


Between December 7, 1985 and September 17, 1986, eleven ter- 
rorist bomb explosions took place in Paris. Thirteen people died 
immediately, 255 others were injured. Forty were treated on- 
site and were not hospitalized, 205 were subjected to triage and 
stabilization and were then hospitalized. These latter 205 patients 
are analyzed in this study. None of them died during transpor- 
tation, and seven eventually died in hospitals. Forty-seven per 
cent of all victims suffered from multiple injuries. All deaths 
except one occurred in the polytraumatized group. The policy of 
subjecting victims of terrorist bomb explosions to triage and sta- 
bilization before hospitalization is compared to the so-called 
“scoop and run” technique, more generally applied in mass cas- 
ualty situations. Its limitations and advantages are discussed. 


HE FIRST NATO report on international terror- 

ism, issued in 1987 (Table 1) shows a tenfold 

__ increase in the numbers of terrorist incidents be- 
tween {968 and 1980, reaching at some points epidemic 
proportions. No country has proved to be totally immune 
to this modern plague. France is no exception. In Paris, 
during a 10-month period, from December 7, 1985 to 
‘September 17, 1986, eleven bomb explosions produced 
13 dead and 255 wounded victims. In five of these inci- 
dents, the number of victims exceeded 30, creating a real 
mass-casualty situation. In similar situations around the 
world, the prevalent policy in the past has been charac- 
terized as “scoop and run.” In Paris, the standard pro- 
cedure on-site was to first “triage” the victims and stabilize 
them. Only then were they dispatched in small numbers 
to all available hospitals. This policy, with its limitations 
and its advantages, will be discussed based on the analysis 
of the charts of 205 hospitalized victims. This work, along 
with previous reports, may contribute to a better under- 


standing of these injuries that are similar to those sustained . 


in war, and of the policies and procedures that are used 
to minimize their consequences. 
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Patients and Methods 
Types of Explosions 


During a 10-month period, from December 7, 1985 to 
September 17, 1986, 14 terrorist bombings attempts oc- 
curred in Paris, three of which failed. The eleven other 
attempts that actually detonated were due to “homemade” 
devices containing only a few pounds of TNT or a TNT 
equivalent. The aim of terrorists was not to kill but to 
maim as many people as possible in order to gain news 
media attention. Only two explosions took place in the 
open air. The nine others occurred inside buildings, in 
closed spaces packed with people, with the bombs gen- 
erally placed on or close to the floor. This is one of the 
fectors explaining the relative severity of the observed le- 
sions. 


Number of Victims 


Officially, 268 people were victims of these bombings. 
Thirteen died on-site, 205 were hospitalized, and 40 who 
were only slightly injured were treated locally or as hospital 
out-patients. The average casualty number per bombing 
is roughly one dead and 23 wounded. But in five of these 
incidents, the explosions created a real mass-casualty sit- 
uation, with 30 or more victims requiring medical atten- 
tion at the same place and at the same time (Table 2). 


On-Site Primary Treatment 


After each bombing, rescue teams from either the fire 
department (pompiers) or special emergency units 
(SAMU) detached from Parisian teaching hospitals were 
sent to the scenes. Each of the rescue teams included not 
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only emergency medical technicians (EMTs), but also 
physicians, young intensivists called “reanimateurs.” 
Means of transportation, both ambulances and helicop- 
ters, were plentiful, and radio communications, centrally 
controlled, allowed direct contact with all hospital centers. 
Doctors at the scenes knew how many and what type of 
patients could be sent to each hospital. At the other end, 
waiting hospital teams learned in advance what patients 
they would receive and when. 

A triage area was immediately set up in the most ap- 
propriate nearby area. The slightly injured victims were 
evaluated and treated on-site and were then sent home, 
preventing unnecessary overcrowding of hospital facilities. 

For the most seriously injured victims, clinical exam- 
ination and resuscitation were intiated on-site. Rescue 
teams had full equipment for resuscitation, material for 
intubation, and assisted ventilation, various fluids in- 
cluding O Negative blood. The resuscitation initiated on- 
site was continued during transportation to the hospital. 
Simultaneously, a standard chart was filled for each of 
these patients with name, address, age, sex, description of 
lesions, blood pressure, pulse rate, initial treatment, and 
degree of priority (there were only two categories: seriously 
or slightly injured). Copies of these charts were kept either 
at the fire department medical center, or at the SAMU 
hospital centers. Two hundred and five of these charts 
had enough information to assess the type and severity 
of the wound, the primary treatment that was established, 
and the specific hospital where the patient was hospital- 
ized, 

No records concerning the 13 victims who died on-site 
were kept by the rescue teams. The bodies were trans- 
ported to the morgue by the police. Results of autopsies 
were not available because police investigations are still 
being conducted. 


Age and Sex of Victims 


The sexes of the victims were nearly equally repre- 
sented; there were 99 men and 106 women. The mean 
age was 34.5 years, with overall age ranging from a few 
months to 89 years (Fig. 1). 


Types of Injuries 


Severity of injuries. The 205 hospitalized victims whose 
cases were studied were classified into two groups: 1) se- 
verely wounded victims (n = 40, seven of whom later 
died) and 2) slightly injured. (n = 165). 


The Abbreviated Injury Scale (AIS) and the Injury Se- 


verity Score (ISS) were calculated. The average ISS for 
the surviving patients was 14.82, and was 39.80 for the 
seven who died during hospitalization (Fig. 2). 
Locations of injuries. The distribution of injuries on 
the body is not parallel to the surface percentage of each 
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TABLE 1. International Terrorism: First NATO Report (1987) 
1968-1980 1973-1983 
Incidents Tenfold increase 5075 
Victims 
Dead 3689 
Injured 7991 


body region. The head and neck (12% of body surface) 
were involved in 19.3% of the injuries; the trunk (27% of 
body surface) was involved in 12.8% of the injuries; the 
upper limbs (22% of body surface) were involved in 23.5% 
of the injuries, and the lower limbs (39% of body surface) 
were involved in 44.4% of the injuries (Table 3). 

Polytrauma. Ninety-six patients (47%) suffered from 
multiple injuries. The 205 patients presented 355 lesions. 
Per patient, in the entire series, 1.8 body regions were 
involved by the trauma, and in the 40 most severly 
wounded victims, an average of 5.6 body regions were 
traumatized. 

Skin lesions. These were the most common injuries. 
Two hundred ninety-five were recorded, mainly abrasions, 
lacerations, and burns due to the flash itself. The first two 
types represent 47% of all skin lesions; flashburns (34% 
of all skin lesions) were generally superficial and limited 
in size, with only four patients being referred to a burn 
center. But the first bombing (December 7, 1985) showed 
a different pattern. Two bombs were connected with 
camping gas bottles. An actual fire developed, and 33 of 
35 victims presented burns. Twenty requested treatment 
in a burn center. aoe? 

Fractures. Fifty-four patients presented with fractures. 
Thirty-three of these fractures were closed, 21 were open. 
They were localized on the head and neck (eleven), the 
thorax (two),.the upper limbs (18), and the lower limbs 
(23). On the upper limbs, six of the fractures were proximal 
(arm), twelve were distal (forearm and hand). On the lower 


TABLE 2. Bomb Locations: Victim Numbers 


No. of 
Location Injured No.of More Than 30 
Date (Indoor/Outdoor) Victims Dead Victims* 
12-07-1985 Indoor 35 X 
2-03-1986 Indoor 8 
2-04-1986 Outdoor 3 
2-05-1986 Indoor 9: 
3-17-1986 Indoor 10 
3-20-1986 Indoor 28 2 X 
9-08-1986 Indoor 18 i 
9-12-1986 Indoor 4} X 
9-14-1986 Indoor i 2 
9-15-1986 Indoor 5I 1 X 
9-17-1986 Indoor aa: 1 X 
Total 255 13 


* Incidents involving more than 30 victims. 
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FIG. 1. Age and sex of victims. 


limb, only one fracture involved the femur, whereas the 
22 others were distal (Table 4). 

Ear blast injuries. One hundred sixty-two patients with 
or without clinical symptoms were checked systematically 
by otoscdpy. In thirty-nine of the patients (24%), ear blast 
lesions (hemorrhages and/or perforations) were identified. 
Twenty-seven of the patients (16.7%) had a perforated ear 
drum, and one out of five of these perforations were bi- 
lateral. In the group of the most severly wounded victims, 
27 of 40 patients had signs of blast ear, including 14 per- 
forations. 
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Fic. 2. ISS in severely wounded victims. 
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TABLE 3. Distribution of Injuries: Comparison with Body Surface 


Region Body Surface % Lesions % 
Head/neck 12 19.3 
Trunk 27 12.8 
Upper limb 22 23.5 
Lower limb 39 44.4 


Lung blast injuries. Six patients (less than 3%) were 
considered as suffering from lung blast. In addition, three 
patients presented with other types of thoracic disorders: 
one hemopneumothorax, one pneumomediastinum, and 
one pulmonary contusion. . 

Eye lesions. Twelve patients (5.7%) presented with eye 
lesions. All twelve were of the group of the most severly 
wounded victims. Most of the injuries were due to flying 
debris. Six were superficial and did not result in sight loss. 
Six of the injuries were very severe; there was ‘one trau- 
matic bilateral enucleation, two unilateral enucleations, 
one blast eye with intraoccular hemorrhage, and two per- 
forations with intraoccular foreign body, each resulting 
in partial or total sight loss. 

Traumatic amputations. Five patients suffered six of 
these traumatic amputations. Two involved the thigh, one 
the forearm, one the foot, and one patient lost a leg and 
a forearm. These traumatic amputations, directly caused 
by the explosion, require a very high energy tranfer. That 
explains why all those victims presented severe associated 
injuries, in addition to their limb loss. Three of them died 
from these associated lesions, one during the first 24 hours, 
the second on the tenth postoperative day, and the third 
on the 49th postoperative day. 

Abdominal injuries. Eight patients presented with ab- 
dominal injuries. Three suffered from nonpenetrating 
wounds. The other five had intra-abdominal lesions, with 
severe hepatic lacerations in two patients. 

Central nervous system injuries. Eleven cases of head 
trauma were recorded. Three patients had an open frac- 
ture of the skull and presented with intracranial foreign 
bodies. The eight others had contusions with intracranial 
hemorrhage. 


TABLE 4. Fractures 


Localization Total Closed Open 
Head/neck 1] 8 3 
Trunk 2 2 0 
Upper limb 18 14 4 
Arm 6 5 f 
Forearm 2 I l 
Hand 10 8 2 
Lower limb 23 9 14 
Thigh l 1 0 
Leg 14 ] 13 
Foot 8 7 i 
54 33 21 
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Results 


We looked at results exclusively in terms of survival or 
death, not in terms of sequelae. Despite the fact that the 
victims were not rushed immediately to the nearest hos- 
pital and that time was taken to stabilize them first (or 
perhaps because of this), no patient died during trans- 
portation. Seven died in hospitals: 

1) A twenty-four-year-old man, comatous, with mul- 
tiple skull fractures, multiple facial fractures, bilateral eye 
enucleation, neck wound, and massive facial bleeding. 
He died during surgery. 

2) A forty-five-year-old woman with facial trauma, right 
eye enucleation, traumatic amputation of right forearm, 
open wound of the right hypocondfium, and multiple 
hepatic lacerations. She died immediately after surgery. 

3) A twenty-six-year-old man with isolated lung blast. 
He died after 24 hours in the ICU. 

4) A sixty-two-year-old woman with multiple super- 
ficial wounds and lung blast. She died after 24 hours in 
the ICU. 

5) A twenty-nine-year-old man, comatous, with open 
skull fractures, blast lung, and multiple open limb frac- 
tures. He died on the ninth postoperative day. 

6) A twenty-year-old woman with head trauma, trau- 
matic amputation of right thigh. open fractures of left 
thigh and right arm, and lung blast. She died on the tenth 
postoperative day. 

7) A forty-nine-year-old man with chest trauma, open 
abdominal wound, liver and transverse colon lacerations, 
traumatic amputation of left leg, and open fracture of 
right leg. He died on the 49th postoperative day of renal, 
lung, and cardiac failure. 


Discussion 


Magnitude of the Problem 


In terms of victim numbers, terrorism has not yet 
reached the magnitude of conventional wars, or even the 
level of death toll caused by motor vehicle accidents in 
western countries. i 

The 1987 NATO Report, the first of its kind, on what 
is labelled international (ys. national) terrorism records 


approximately 5000 incidents in which approximately. 


10,000 people were killed or injured during a 10-year pe- 
riod (Table 1). 

In Belfast, during the worst three years of the civil war, 
1,500 people were victims of terrorist actions.! Five 
hundred victims were seen over 4 years in Jerusalem,’ 
and as previously stated, 268 were seen over a 10-month 
period in Paris. The important point is that, at any given 
time, terrorist bombing can create a mass-casualty situ- 
ation, which is difficult to manage in peace-time. We know 
that, depending on the amount of explosives used, the 
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number of victims can be far higher than the numbers 
we encountered in Paris. In Bologna on August 2, 1980, 
a bomb explosion inside the railway station resulted in 
293 victims, including 73 deaths.’ Dealing efficiently with 
this kind of situation requires exceptionally good disaster 
preplanning. 


Percentage of Deaths at the Disaster Site 


Victims’ deaths at the scene accounted for 5% of the 
casualties in Paris. This percentage is directly related to 
the amount of explosive used. In the Beirut bombings of 
the American and French Military Headquarters in Oc- 
tober 1983, the explosives were in the ton-range versus 
the kilo-range of those in Paris. The ratio of dead to 
wounded was far higher: 224 immediate deaths and 112 
injured survivors among the Americans, and 54 deaths 
and 22 injured survivors among the French. The Bologna 
incident, where the bomb was made of approximately 20 
kg of TNT, shows that a similar ratio can also be observed 
when terrorism is aimed at civilian populations. 


Policy of Primary Care 


When a mass-casualty situation occurs, two basic, op- 
posite responses are usually seen: “Scoop and run all the 
victims to the nearest hospital” or “Triage and stabilize 
the victims first, then dispatch them, while continuing 
rescusitation, into the various available hospitals.” The 
“scoop and run” policy has usually been applied during 
war-time between the battlefield and the first echelon of 
triage and treatment. Surprisingly, during peace-tifne, it 
has also been adopted everywhere in the United Kingdom, 
in Italy, as well as in the Middle East.*° For instance, after 
the detonation of a bomb at the Old Bailey, within 60 
minutes, 160 people were brought to the St. Barthelo- 
mew’s Hospital, from which most of them were rapidly 
released because they did not need hospitalization.® 

In Paris, the opposite response to terrorist bombings 
has been adopted, because this policy of “‘stabilize first” 
with physicians on the scene has been established for many 


` years throughout France for every kind of outdoor emer- 


gency—most notably car accidents. The system, tested 
every day, runs smoothly. It has not been too difficult to 
extend its activity in limited mass-casualty situations. 
This “Parisian” policy has its own limitations. It not 
only requires a large amount of means of transportation 
and a great number of trained EMTs, but also a large 
number of trained young emergency doctors. The ade- 
quacy of needs and means proved to work well in situa- 
tions where the number of victims was between 20 and 
60. If the figures had been ten times greater, it would have 
probably been impossible to make it work as efficiently. 
Is this technique superior to the “scoop and 
run”’approach? The answer will probably never be deter- 
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TABLE 5. Distribution of Skin Lesions: Comparison with Gunshots 


Bombing (Paris) Gunshots (Northern Ireland) 
Body Region (%) (%) 
Head/neck 19.3 12.2 
Trunk 12.8 40.5 
Upper limb 23.5 217 
Lower limb 44.4 25:7 





mined by randomized studies. It has obvious advantages: 
1) no overcrowding of hospital facilities with patients who 
do not need hospitalization; 2) no loss of time for those 
who require a specific treatment—a “‘triaged” neurologic 
patient, for instance, can be sent directly to a neurosurgery 
department or a burned victim to a burn center; 3) the 
load of patients for each hospital can be minimized if all 
hospitals are involved; and 4) 1n each center, alerted teams 
are waiting for the few arriving patients, and each patient 
will receive maximum attention in the minimum amount 
of time. 

Is this policy able to save more lives than the other? It 


is difficult to prove, but it is possible. Considering that ` 


50% of those who died during the first hour’ died of bleed- 
ing, immediate blood transfusion may save a few victims 
who would be dead on arrival (DOA) without it. It is 
worth remembering that none of the Parisian victims, in- 
cluding the most lethally wounded, died during trans- 
portation. One patient arrived in our hospital with, among 
other injuries, a traumatic thigh amputation. He had re- 
ceived 10 units of blood at the disaster site and during 
transportation to the hospital. 


Severity of Wounds-—Trauma Scores 


As we have seen, during triage on-site, the 255 injured 
victims were assigned to one of three categories: 1) severely 
injured—requiring hospitalization, 2) slightly injured— 
requiring hospitalization, 3) slightly injured—not requir- 
ing hospitalization. 

Eighty-four per cent of all recorded victims required 
hospitalization. This percentage is higher than that of other 
incidents previously reported. In addition to the amount 
of the explosives, the fact that nine out of eleven explosions 
occurred inside buildings in closed spaces explains the 
relative severity of the wounds encountered. This is cor- 
roborated by the recorded trauma scores. The median ISS 
for the surviving patients was 14.82 (and 39.88 for the 
seven who died during hospitalization), higher than the 
median ISS value of eight recorded after the Bologna 
bombing. These Trauma scores represent a valuable ep- 
idemiologic tool in assessing the extent of such disasters 
and allowing comparison. But the severity of trauma due 
to bombing may be underestimated by these trauma scores 
when dealing with lung blast. The 26-year-old patient who 
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suffered almost exclusively from lung blast had an ISS of 
13. He nevertheless died rapidly of his blast injury. 


Specificity of Bombing-Induced Lesions 


Bombings induce specific lesions, such as those due to 
the primary effect of blast. Fortunately, lung blast is rare, 
but even as an isolated lesion can cause death. On the 
other hand, the ear is very sensitive to blast effects; and 
thus is a very good indicator of blast injuries. Like others, 
we have not seen any severe lung blast injury in a victim 
totally free of ear blast injury. When suspecting lung blast 
it is worth checking the ear drums, and conversely, if ear 
blast injury is found, evaluate carefully for lung blast.® 

Another striking characteristic is the injury distribu- 
tions, with a high percentage of head and neck lesions 
and few trunk lesions. On the other hand, gunshot 
injuries’ have a distribution which fits the body surface 
percentage (Table 5). 


Polytrauma—Polyagression 


Polytraumas are frequent with bombings. We men- 
tioned that per patient, 5.4 body regions were injured in 
the most severely wounded group. With bombing, in ad- 
dition to being mechanically traumatized, victims may 
also be suffering from what can be termed polyagression— 
that is, the combination of trauma, burns, blast syndrome, 
and crush syndrome. No crush syndrome was observed 
in Paris because no building collapsed, but cases were 
referred to us after the 1983 Beirut explosion. 


Specificity of Surgical Care 


The injuries seen after terrorist bombings are similar 
to those treated in wartime: multiple contaminated 
wounds containing various debris and fragments. The 
wound debridement in these patients is necessary to pre- 
vent sepsis, as it is in “war surgery.” 

Rules that apply in war surgery, such as delayed skin 
closure or the use of external fixation for open fractures, 
also apply here. Most of these “war-type” patients were 
hospitalized in civilian hospitals. Our study fortunately 
shows a widespread awareness among civilian surgeons 
of those war surgery rules. This is not surprising, because 
in recent years a real desire to hear about war surgery 
principles has developed in the civilian surgical com- 
munity. Terrorist bombings have been an incentive , along 
with the fact that numerous physicians have been involved 
in war situations with organizations such as the Red Cross, 
Physicians without Borders, and Doctors of the World. 
Courses on ““Catastrophy Medicine” (including catastro- 


. phy surgery) are now organized in several medical schools. 


And recently, the French Association of Surgeons has been 
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asking military surgeons to give lectures on war surgery 
topics during its annual Surgical Congress. 


Hospital Needs 


An analysis of the injuries shows a great need for general 
surgery, orthopedic surgery, neurosurgery, and ICU fa- 
cilities. In addition, bombings create a crucial need for 
plastic, nose, and throat (ENT), and eye surgery. Surgeons 
from these specialties must be available immediately, at 
least for advice, in each hospital where the victims are to 
be hospitalized. 


Sequelae 


At the end of 1986, a woman who had been left para- 
plegic after a terrorist incident created an Association for 
the Victims of Terrorist Actions. This association pressed 
for a change in the legislation concerning insurance and 
hospital cost coverage for the victims of such actions. The 
change was rapidly obtained. Data are now available 
through the association, not only concerning physical dis- 
abilities, but also psychological disorders experienced by 
the victims, which have been recently largely publicized 
in the press. 
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Atlas of Surgical Operations, 6th Ed. 
Robert M. Zollinger, Jr. and Robert M. Zollinger. 473 pp. 
New York: Macmillan Publishing Co., 1988. $120.00. 


ATLAS OF SURGICAL OPERATIONS, by Zollinger and Zollinger, 
has become a classic text on operative surgery. It was first pub- 
lished almost 50 years ago, in 1939, by Cutler and Zollinger. At 
that time they stated: “This Atlas contains most of the common 
surgical procedures which are standardized and about whose 
technical performance there exists no essential difference of 
opinion. Wherever several procedures are generally recognized 
as useful and desirable, we have, as a rule, selected the one which 
we think has best stood the test of time. . . . The format of the 
book is simple. We wished the drawings to tell the story and 
wished to include no more text than would conveniently fit op- 
posite the plates... . No attempt has been made to give ref- 
erences. . . this isa book about surgical craft. Its aim is to teach 
people how to do things, and has no intention of describing the 
historical background upon which the present procedures were 
erected.” 

The first edition was an oversized book, measuring 1012” by 
1334”, with a total of 181 pages. There were short segments on 
general principles of surgical technique, anesthesia, and pre- and 
postoperative care. It included 48 procedures that were com- 
monly performed by virtually all general surgeons. In addition, 
it included tonsillectomy and a 32-page section on gynecologic 
surgery, including both abdominal and vaginal procedures. In 
subsequent editions, some procedures were deleted and others 
were added. In 1967, the scope of this atlas was significantly 
increasedby Volume II, which included the discussion of a 
number of intrathoracic procedures, radical neck dissection, 
more extensive gastric surgery, pancreatic surgery, hepatic sur- 
gery, and some vascular surgery. In this sixth edition, one no 
longer finds a description of tonsillectomy, nor is there any de- 

‘scription of any intrathoracic procedure, the technique of cranial 
decompression after trauma, ileal conduits, or cystostomy—just 
a few of the items that have appeared in previous editions but 
have since been deleted. Twenty-three pages of gynecologic pro- 
cedures remain, including the technique of vaginal hysterectomy. 
The section on vascular procedures has been expanded consid- 
erably during the last few years, and in this edition, the authors 
have added sections on 14 surgical procedures with 20 new plates, 
which include modified radical mastectomy, Shouldice her- 
niorrhaphy, ileo-anal anastomosis, saphenous vein in situ arterial 
bypass, and parathyroidectomy. For the first time, there are sev- 
eral plates demonstrating the use of staples. An introductory 
section on ambulatory surgery has been added. The 473 pages 
comprising this edition make it larger than any of the previous 
editions. 

The format established by Cutler and Zollinger in 1939 has 
been maintained. The text appears on the pages opposite the 
illustrations. The large size of the book allows several drawings 
to appear on any given page, and thus, the sequence of the op- 
eration can be followed easily. The illustrations of this publication 
have always been very good. Some of the previous editions, 
however, were printed on paper with a bluish tint. The current 
edition is on white paper, which provides a better contrast for 
the illustrations. 

In the preface,to this edition, the following quotation appears: 
“After almost fifty years, the former senior author returns to his 


original junior status, a position filled with Elliot Carr Cutler 
for the initial two editions, It is with paternal pride that the 
senior authorship has passed to Robert M. Zollinger, Jr.” 

This atlas has obviously served the test of time and has ac- 


- complished the objective stated in the original edition. It is a 


volume with which all young surgeons should be familiar, and 
which numerous older surgeons will continue to use as a valuable 
reference source. 


GEORGE L. JORDAN, JR., M.D. 
Houston, Texas 


Trauma, Sepsis, and Shock: The Physiological Basis of Therapy. 
George H. A. Clowes, Jr. 616 pp. 
New York: Marcel Dekker, Inc., 1988. $125.00. 


TRAUMA AND SEPSIS are society’s most costly diseases in terms 
of loss of productive years and mortality of successfully resus- 
citated injured patients, respectively. Because every operation 
is a controlled form of trauma and carries a risk of infection, 
this review of the pathophysiologic changes responsible for the 
morbidity and mortality caused by injury and infection is ap- 

plicable to all of surgery. ' 

The editor’s opening chapter sets the stage for the entire book 
by presenting a concise synthesis of his pioneering research on 
the humoral and cellular mediators that orchestrate the responses 
to infection and sepsis. His later chapter is a collation of recent 
studies on factors that induce postinjury proteolysis and alter- 
ations of protein metabolism. The chapters on the organ system 
response to injury and infection present both the immediate and 
delayed effects of those disease processes, as is well-illustrated 
by the treatment of hemostasis and thromboembolic compli- 
cations. The section on metabolic responses begins with Moore’s 
review of his seminal studies describing the alterations in body 
composition that occur after injury. The chapter on glucose\me- 
tabolism documents the central importance of glucose in the 
metabolic response to injury and the modification of that re- 
sponse by infection. Tredgett and Burke describe the interrela- 
tionship of nutrient utilization in the postinjury state and relate 
the catabolic response to substrate requirements, The chapter 
by Wood et al. describing the host defense consequences of ab- 
normal lymphocyte function is the highlight of the immunologic 
response section and perhaps of the whole book; it presents orig- 
inal work by the authors and includes a critical and balanced 
review of the work of others that assists in differentiating the 
cause and effect relationship of immunologic change and infec- 
tion. 

The chapter on wound-healing physiology documents the 
central importance of tissue oxygenation for successful injury 
repair, and concludes with a statement of principles that can be 
well-applied to the treatment of all wounds. The chapter on 
nutritional support relates alimentation regimens to alterations 
in amino acid flux, the severity of injury, and the support of 
specific organ function. The importance of measuring indices 
of hemodynamic and pulmonary function to define the thera- 
peutic interventions necessary for restoring organ function and 
minimizing organ failure is well-illustrated in the final chapter. 

The stature of the all-star cast of authors is both a strength 
and a weakness of this volume, because they review their topics 
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largely in the context of their own work and have the natural 
tendency to give little, if any, attention to the conflicting views 
and experimental refutations of others. The title promises to 
relate pathophysiology to therapy and that promise is met to 
a variable degree in each of the chapters-——for example, the rec- 
ommendation of one author to maintain the urinary output of 
critically ill patients at 100 to 200 ml/hr is startling and seems 
destined to cause pulmonary edema in the name of maintaining 
an excessive urinary output. 

Errors of omission are relatively minor, but it is puzzling that 
several areas of intense investigation are given little, ifany, men- 
tion (e.g., tumor necrosis factor, platelet activating factor, the 
various growth factors, oxygen radicals. immunomodulators, the 
use of scaling systems to grade the severity of injury and infection, 
and the use of hypertonic fluids and pharmacologic agents in 
shock resuscitation). The redundancies of coverage that occur 
are inherent in a multi-authored book, but their effect is ame- 
liorated by presentation of the different views of the individual 
authors and the resultant emphasis on those tropics, such as 
metabolic support and maintenance of hemodynamic function. 

Unfortunately, the text is replete with misspellings, as well as 
grammatical and typographical errors. Figures are mislabeled 
or inadequately labeled, the index 1s insufficiently detailed, and 
the references of the chapters alternate between chronologic order 
and alphabetical order. Such a performance on the part of the 
publisher makes this book overpriced. 

This book, presenting a detailed, extensive overview of the 
cellular, organ system, and whole body response to tnjury and 
infection and relating that information to clinical management, 
will improve the understanding of postoperative pathophysiology 
of all surgeons and will be of particular interest to surgical res- 
idents. It should be in the library of every surgical department 
and trauma unit, where it will serve as a fitting memorial to the 
work in this field by Dr. Clowes, whose recent death has saddened 
us all. 


BASIL A. PRUITT, JR., M.D., F.A.CS. 
San Antonio, Texas 


Essential Surgical Practice, 2nd Ed. 
A. Cuschieri, G. R. Giles, and A. R. Moossa. 1438 pp. 
London: Wright, 1988. $77.00. 


IN THE PREFACE to the first edition, the editors express “some 
self-doubt” over the need for “yet ancther textbook of surgery.” 
It’s earlier success, however, allows a second edition to appear 
after 6 years to provide “an organised, up-to-date account of 
modern surgical practice” to the level of postgraduate certifi- 
cation. The second edition includes a new section on trauma 
written entirely by American contributors. It is acknowledged 
that this specialty is better developed in the United States than 
in the United Kingdom. However, I found it irritating that sec- 
tions on maxillofacial injury, occular trauma, and head and spi- 
nal injury are separated from this major section. The consid- 
eration given to traumatology intimates a wish to satisfy a read- 
ership on both sides of the Atlantic, but does not highlight other 
slight differences between surgical practice. The overall content 
is influenced by author patriarchate. For example, staging lap- 
arotomy can be proposed by an American author as a procedure 
of continued use, whereas in the U.K., screening methods and 
changing chemotherapy regimens heve allowed the procedure 
to become almost obsolete. Acquired Immune Deficiency Syn- 
drome is covered in only halfa page by an author from the U.K., 
and perhaps in some United States centers the proportion of 
surgical work generated by this epidemic disease would warrant 
more space and discussion. 
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Clinical collaboration with other disciplines occurs more and 
more frequently. Interventional radiology plays a greater part 
in the treatment of vascular and hepatobiliary disease. A fuller 
description cf these areas would have been appreciated. 

The text is clear and there are many good illustrations—line 
diagrams, photographs, and x-rays—more than 150 have been 
added since the first edition; the diagrams of minitracheostomy 
are duplicated (Figs. 10.5 and 43.6), but the legends are different! 

The first section of the book provides a very comprehensive 
review of the scientic basis of surgical care, and I believe that 
the book, overall, does fulfill its obligation to provide a core of 
knowledge suitable for candidates pursuing higher surgical 
training. 


JOHN R, FARNDON 
Bristol, United Kingdom 


Advances in Nd:YAG Laser Surgery. 
Stephen N. Joffe and Yanao Oguro. 368 pp. 
New York: Springer-Verlag, 1988. $135.00. 


LASER SURGERY is currently in a process of evolution and, of 
necessity, requires further definition of its unrefuted applicability 
as concomitant technologies advance. This promotional text for 
the Nd:YAG laser provides a comprehensive reference to its 
actual and potential applications in medicine. The Nd:YAG la- 
ser, with a shorter wave-length allowing transmission through a 
quartz fiber and higher power output, arguably supercedes the 
CO, argon, and copper-vapor lasers in utility. The laser is used 
for tissue vaporization, coagulation-hemostasis, and cutting, el- 
ther as a noncontact system or a contact probe of synthetic sap- 
phire crystal, These concepts and their application are discussed, 
for the most part, in a well-written format, complemented by 
excellent illustrations, clear and concise tables, and useful ref- 
erences. The diverse range of topics addressed in the text include 
endoscopy, dermatology, dentistry, gastroenterology, neurosur- 
gery, opthamology, plastic-reconstructive surgery, and urology. 
Each section presents detailed experimental as well as clinical 
data, and a significant number of chapters deal with Japanese 
data on laser surgery. 

To its detriment, the numerous, short chapters are uneven in 
quality and transition, tend towards redundancy, and do not 
always follow a logical sequence. Thus, an overview on appli- 
cations of Nd:YAG laser surgery is inexplicably interposed in 
the middle of the text. A need for a stricter editorial hand is 
evident. Furthermore, the text clearly assumes that the reader 
is well-versed in the general topic; as a case in point, a definition 
of Nd:YAG laser (neodymium: yttrium-aluminum-garnet laser) 
does not appear until page 104. Gastrointestinal endoscopic sur- 
gery, which should be under the purview of the general surgeon, 
is discussed in a lucid and pragmatic fashion. However, sections 
of equal import to the general surgeon on surgery of the spleen, 
liver and pancreas only allude to clinical reports and anecdotal 
cases, choosing to emphasize experimental studies. The text 
would benefit from an integration of chapters, deleting some 
and expanding others, and perhaps find a broader appeal by 
including a basic introductory chapter and a glossary of termi- 
nology. This text, in conclusion, has most value for the practi- 
tioner experienced in laser medicine who requires a larger, cur- 
rent perspective on the state of the art; it is not basic enough to 
be used as an introductory text. 


JAROSLAV PETER STULC, M.D. 
Buffalo, New York 
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troduction, Methods, Results, and Discussion. Long articles may 
need subheadings within some sections to clarify their content, 


‘especially the Results and Discussion sections. Other types of 


articles such as case reports, reviews, and editorials are likely to 
need other formats, and authors should consult individual jour- 
nals for further guidance. 

Introduction: Clearly state the purpose of the article. Sum- 
marize the rationale for the study or observation. Give only 
strictly pertinent references, and do not review the subject ex- 
tensively. 


Methods: Describe your selection of the observational or ex- 
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provide references and brief descriptions of methods that have 
been published but are not well known; describe new or sub- 
stantially modified methods, give rezsons for using them, and 
evaluate their limitations. 

When reporting experiments on human subjects, indicate 
whether the procedures followed were in accord with the ethical 
standards of the Committee on Human Experimentation of the 
institution in which the experiments were done or in accord 
with the Helsinki Declaration of 1975. When reporting experi- 
ments on animal subjects, indicate whether the institution’s or 
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for others, consult the “List of Journals Indexed,” printed an- 
nually in the January issue of Index Medicus. 
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12.7 by 17.3 cm (5 by 7 in.) but no larger than 20.3 by 25.4 cm 
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even throughout, and of sufficient size that when reduced for 
publication each item will still be legible. Titles and detailed 
explanations belong in the legends for illustrations, not on the 
illustrations themselves. 

Each figure should have a label pasted on its back indicating 
the number of the figure, the names of the authors, and the top 
of the figure. Do not write on the back of the figures or mount 
them on cardboard, or scratch or mar them using paper clips. 
Do not bend figures. 

Photomicrographs must have internal scale markers. Symbols, 
arrow-ar letters used in the photomicrographs should contrast 
with the background. 

If photographs of persons are used, either the subjects must 
not be identifiable or their pictures must be accompanied by 
written permission to use the photograph. 

Cite each figure in the text in consecutive order. If a figure 
has been published, acknowledge the original source and submit 
written permission from the copyright holder to reproduce the 
material. Permission is required, regardiess of authorship or 
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marked to tndicate the region to be reproduced; in addition, 
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separate page with arabic numerals corresponding to the illus- 
trations. When symbols, arrows, numbers, or letters are used to 
identify parts of the illustrations, identify and explain each one 
clearly in the legend. Explain internal scale and identify method 
of staining in photomicrographs. 


ABBREVIATIONS 


Use only standard abbreviations (see below for lists of com- 
monly used approved abbreviations). Consult the following 
sources for additional standard abbreviations: [1] CBE Style 


Manual Committee. Council of Biology Editors style manual: 
a guide for authors, editors, and publishers in the biological sci- 
ences. 4th ed. Arlington: Council of Biology Editors, 1978; and 
[2] O’Connor M, Woodford FP. Writing scientific papers in En- 
glish: an ELSE-Ciba Foundation guide for authors. Amsterdam, 
Oxford, New York: Elsevier-Excerpta Medica, 1975. Avoid ab- 
breviations in the title. The full term for which an abbreviation 
stands should precede its first use in the text unless it is a standard 
unit of measurement. 

In most countries the International System of Units (SI) is 
standard or is becoming so. Report measurements in the units 
in which they were made. Journals may use these units, convert 
them to another system, or use both. 


COMMONLY USED APPROVED ABBREVIATIONS 
Standard Units of Measurement 


Abbreviation 

Term or Symbol 
ampere: A 
Angstrom A 
barn b 
candela ed 
coulomb C 
counts per minute cpm 
counts per second cps 
curie Ci 
degree Celsius C 
disintegration per minute dpm 
disintegration per second i dps 
electron Volt ev 
equivalent Eq 
farad F 
gauss G 
Bram £ 
henry H 
hertz Hz 
hour h 
international unit IU 
joule J 
kelvin K 
kilogram ke 
liter, litre lor L 
meter, metre m 
minute min 
molar M 
mole mol 
newton N 
normal {concentration} N 
ohm R 
osmoj osmol 
pascal Pa 
revolutions per minute rpm 
second 5 
square centimeter ’ em? 
voit v 
watt W 
week wk 
year yr 
Combining Prefixes 
tera- (0) T 
giga (10) G 
mega (0) M 
kilo- (10°) k 
hecto- O0) h 
deca- (10°) da 
deci- (07) d 
centi- (107) e 
milli- (107) m 
micro- (10$) yu 
nano- a0 n 
pico- uot) p 
femto- do") f 
atto- 007) a 


Statistical Terms 


correlation coefficient 
degrees of freedom 

mean 

not significant 

number of observations 
probability 

standard deviation 
standard error of the mean 
“Student's” t test 

vartance ratio 


Others 


adenosinediphosphatase 

adenosine 5-diphasphate (adenosine diphosphate) 

adenosine 5-monophosphate (adenosine 
monophosphate, adenylic acid} 

adenosine triphosphatase 

adenosine S-triphosphate (adenosine triphosphate) 

adrenocorticotropic hormone (adrenocorticotropin) 

bacille Calmette-Guérin 

basal metabolic rate 

body temperature, pressure, and saturated 

central nervous system 

coenzymes A 

deoxyribonucleic acid (deoxyribonucleate) 

dihydroxyphenethylamine 

electrocardiogram 

electroencephalogram 

enteric cytopathogenic human orphan (virus). 

ethyl ; 

ethylenediaminetetraacetate 

gas-liquid chromatography 

guanosine S'-monophosphate (guanosine 
monophosphate, guanylic acid) 

hemoglobin 

logarithm {to base 10; common logarithm) 

logarithm, natural 

methyl 

Michaelis constant 

negative logarithm of hydrogen ion activity 

partial pressure of CO, 

partial pressure of O, 

per 

percent 

radiation (ionizing, absorbed dose) 

respiratory quotient 

specific gravity 

standard atmosphere 

Standard temperature and pressure 

ultraviolet 

volume 

volume ratio (volume per volume) 

weight 

weight per volume 

weight ratio (weight per weight) 


DNA 
dopamine 
ECG 
EEG 
ECHO 

Et 

EDTA 
GLC 


volvo! 
wt 
wt/vol 
wt/wt 


ABBREVIATIONS OF NAMES OF FREQUENTLY CITED JOURNALS 


Acta Medica Scandinavica ` 
American Family Physician 

American Heart Journal 

American Journal of Cardiology 
American Journal of Clinical Nutrition 
American Journal of Clinical Pathology 
American Journal of Digestive Diseases _ 
American Journal of Diseases of Children 
American Journal of Human Genetics . 
American Journal of the Medical Sciences 
American Journal of Medicine 

American Journal of Obstetrics and Gynecology 
American Journal of Ophthalmology 
American Journal of Pathology 

American Journal of Physical Medicine 
American Journal of Physiology 
American Journal of Psychiatry 
American Journal of Public Health 
American Journal of Roentgenology 


Acta Med Scand 
Am Fam Physician 
Am Heart J 

Am J Cardiol 

Am J Clin Nutr 
Am J Clin Pathol 
Am J Dig Dis 

Am J Dis Chitd 
Am J Hum Genet 
Am J Med Sci 
Am J Med 

Am J Obstet Gynecol 
Am J Ophthalmol 
Arn J Pathol 

Am J Phys Med 
Am J Physiol 

Am J Psychiatry 
Am J Public Health 
AJR 


American Journal of Surgery 

American Journel of Tropical Medicine and Hygiene 
American Review of Respiratory Disease 
Anaesthesia 

Anesthesiology 

Annals of Allergy 

Annals of Internal Medicine 

Annals of Otology, Rhinology and Laryngology 
Annals of Surgery 

Annals of Thoracic Surgery 


" Archives of Dermatology 
* Archives of Environmental Health 
Archives of General Psychiatry ` 


Archives of Interna! Medicine 

Archives of Neurology 

Archives of Ophthalmology 

Archives of Otolaryngology 

Archives of Pathology and Laboratory Medicine 
Archives of Physical Medicine and Rehabilitation 
Archives of Surgery 

Arthritis and Rkeumatism 

Blood: Journal of Hematology 

Brain: Journal of Neurology 

British Heart Journal 


’ British Journal of Obstetrics and Gynaecology 


British Journal of Radiology 

British Journal of Surgery 

British Medical Journal 

Canadian Journal of Public Health 
Canadian Medica! Association Journal 
Cancer 

Chest 


Circulation: Journal of the American Heart Association — 


Circulation Research 

Clinical Pediatrics 

Clinical Pharmacology and Therapeutics 
Clinical Science and Molecular Medicine 
Clinical Toxicology 

Diabetes 

DM, Disease-a-Month ~ 
Endocrinology 

Gastroenterology 


` Geriatrics ‘ 


Gut 

Human Pathology 

Investigative Radiology 

JAMA; Journal of the American Medical Association 
Journal of Allergy and Clinical Immunology 

Journal of Applied Physiology 

Journal of Biological Chemistry 

Journal of Bone and Joint Surgery; American Volume 
Journal of Bone and Joint Surgery: British Volume 
Journal of Clinical Endocrinology and Metabolism 
Journal of Clinical Investigation 

Journal of Clinical Pathology 


Journal of Experimental Medicine 


Journal of Gerontology 

Journal of Immunology 

Journal of Infectious Diseases 

Journal of Investigative Dermatology 
Journal of Latoratory and Clinical Medicine 


` Journal of Laryngology and Otology 


Journal of Medical Education 

Journal of Nervous and Mental Disease 
Journal of Neurosurgery 

Journal of Pathology 

Journal of Pediatrics 

Journal of Physiology 

Journal of Thoracic and Cardiovascular Surgery 
Journal of Trauma 

Journal of Urology 

Lancet 7 

Medical Clinics of North America 
Medical Letter on Drugs and Therapeutics 
Medicine (Baltimore) 

New England Journal of Medicine 
Obstetrics ané Gynecology 

Pediatrics Clinics of North America 
Pediatrics 

Physiological Reviews 
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Am J Surg 

Am J Trop Med Hyg 
Am Rev Respir Dis 
Anaesthesia 
Anesthesiology 

Ann Allergy 

Ann Intern Med 

Ann Otol Rhinol Laryngol 
Ann Surg 

Ann Thorac Surg 

Arch Dermatol 

Arch Environ Health 
Arch Gen Psychiatry 
Arch Intern Med 

Arch Neurol! 

Arch Ophthaimol 

Arch Otolaryngol 

Arch Pathol Lab Med 
Arch Phys Med Rehabil 
Arch Surg 

Arthritis Rheum 

Blood 

Brain 

Br Heart J 

Br J Obstet Gynaecol 
Br J Radiol 

Br J Surg 

Br Med J 

Can J Public Health 
Can Med Assoc J 
Cancer 

Chest 

Circulation 

Cire Res 

Clin Pediatr (Phila) 
Clin Pharmacol Ther ` 
Clin Sci Mo! Med 

Clin Toxicol 
Diabetes 

DM 
Endocrinology 
Gastroenterology 
Geriatrics 
Gut 

Hum Pathol 
Invest Radiol “ 
JAMA 

J Allergy Clin Immunol 
J Appl Physiol 

J Biol Chem 

J Bone Joint Surg [Am] 
J Bone Joint Surg [Br] 
J Clin Endocrinol Metab 
J Clin Invest 

J Clin Pathol 

J Exp Med 

J Geronto! 

J Immunol 

J Infect Dis 

J Invest Dermatol 

J Lab Clin Med 

J Laryngol Otol 

J Med Educ 

J Nerv Ment Dis 

J Neurosurg 

J Pathol 

J Pediatr 

J Physiol 

J Thorac Cardiovase Surg 
J Trauma 

3 Urol 

Lancet 

Med Clin North Am 
Med Lett Drugs Ther _ 
Medicine (Baltimore) 
N Engl J Med 

Obstet Gynecol 

Pediatr Clin North Am 
Pediatrics 

Physiol Rev 


P 
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Progress in Cardiovascular Diseases 
Public Health Reports 

Radiology 

Rheumatology and Rehabilitation 
Seminars in Roentgenology 
Surgery 

Surgery, Gynecology and Obstetrics 


Plast Reconstr Surg 
Postgrad Med 

Progr Cardiovasc D Oy 
Public Health Rep 
Radiology 
Rheumatol Rehabil 
Semin Roentgenol 
Surgery 

Surg Gynecol Obstet 
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BUSINESS ADDRESS: Reprints, advertising, and all business 
communications should be addressed to: 


ANNALS OF SURGERY 
J. B. Lippincott Company 
East Washington Square 
Philadelphia, PA 19105 


GENERAL SURGEON 


Board Certified or eligible with a 
special interest in trauma and criti- 
cal care to join 200+ physician 
multi-specialty group. Large referral 
practice in Big 10 university town. 
Excellent guarantee with incentive 
package, liberal fringe benefits and 
early partnership. Contact: 


Robert C. Parker, M.D. 
Carle Clinic 
Urbana, IL 61801 
217-337-3223 
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PROGRESS IN 
HEPATIC, BILIARY & PANCREATIC SURGERY 


Progress in Hepatic, Biliary and Pancreatic Surgery is the topic of the 53rd 
Annual Surgery Course to be presented by the Department of Surgery of the 
University of Minnesota Medica! School, June 14-17, 1989 in Minneapolis. 


FACULTY 


Guest speakers will include Doctors Martin Adson, Henri Bismuth, Edward 
Bradiey, E. Rolland Dickson, R. Hermon Dowling, Ben Elseman, Marvin 
Gliedman, Norman D. Grace, J. Michael Henderson, Frank Moody, A. R, 
Moossa, Leon Morgenstern, John Ranson, Eugene R. Schiff, Seymour 
Schwartz, Dame Sheila Sherlock, Richard L Simmons, Andrew L. Warshaw, 
Robert Zeppa, and Robert Zollinger. 
Host facuity will include the teaching staff of the University of Minnesota Medical 
School. 
COURSE FEATURES 
Didactic lectures, moderated panel discussion, audience participation panels, 
films, adstract booklet, printed proceedings, displays, continental breakfasts, 
lunches, refreshment breaks, reception, and one dinner. A spouse program and 
optional evening social events are also offered. 
COURSE FEES 

Regular fee: $425 
Physicians in residency training programs: $200 

DIRECT INQUIRIES TO: 

Progress in Hepatic, Biliary and Pancreatic Surgery 
Continuing Medical Education 
University of Minnesota 
Box 202 UMHC, 420 Delaware Street S.E. 
Minneapolis, MN 55455 
Telephone: (612) 626-5525 
“Equal Educational Opportunity” 


~ CHAIRMAN -7 


DEPARTMENT OF SURGERY 


A 271 bed community hospital, located in a residential 
area of South Philadelphia, has a position available for 
Chairman of the Department of Surgery. We are a 
preferred affiliate of one of the major teaching institutions 
in Philadelphia, with residents on rotation in Medicine, 
Surgery, Obstetrics and Gynecology, ENT and Emergency 
Medicine. 

Located in close proximity to the Sports Complex, 
Philadelphia International Airport, major bridges and the 
interstate highway system, the Emergency Room is active 
in treating trauma and admits 60% of those patients to the 
Hospital. 


Six newly constructed operating rooms provide the 
physicians with adequate space to perform in excess of 
6000 surgical procedures per year. A very active Obstet- 
rics Service delivers over 1700 babies per year. 


Interested individuals should forward their CV to: 


Box ANN3A 
J.B. Lippincott Company 
East Washington Square 
Philadelphia, PA 19105 
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CLASSIFIED AD SECTION 


Classified advertising is available in ANNALS OF 
SURGERY for those recruting personnel or inter- 
ested in obtaining positions. Display spaces available 
for those desiring greater visibility or more space for 
their message. 


Classified ad copy, like other advertising copy, will 
be reviewed fof approval prior to publication. 


Classified Rates: $9.00 per line or fraction of line. 
The average line will be 62 characters. 


Box Numbers: Replies may be directed via Box # 
to J.B. Lippincott Company, at an extra charge per 
insertion of $6.50 to cover.handling costs in forward- 
ing such replies to the advertiser. 


How to Order: Prepayment not required. Send 
typewritten text copy for the ad to: 


ANNALS OF SURGERY 
c/o J.B. Lippincott Company 
Attn: Classified Advertising Dept. B 
East Washington Square 
Philadelphia, Pa. 19105 
(215) 238-4215 


Deadline: Copy received by the 15th of month will 
run in the second following month’s issue, e.g. 
November 15th for January issue. Ads received after 
the 15th will run in the next available issue. 





A faculty position (Assistant Professor—tenure track) is available 
in the Department of General Surgery at M.D. Anderson Cancer 
Center effective immediately (Salary: 95k+) with an excellent 
benefits package. Prospective applicants must have completed 
formal fellowship training in surgical oncology in basic research 
applicable to breast cancer, and have experience with clinical trials. 
The individual will serve as Deputy Chief of the Breast Cancer 


~~ Section in the Department of General Surgery and will be 


responsible for performing and coordinating laboratory and clinical 
research efforts in breast cancer. Prospective applicants should send 
a letter and resume to Charles M. Balch, M.D., Professor and 
Chairman, Department of General Surgery, M.D. Anderson 
Cancer Center, 1515 Holcombe Boulevard, Box 112, Houston, 
Texas 77030. An Equal Opportunity/Affirmative Action Employer. 


ASSISTANT AND ASSOCIATE PROFESSOR— Assistant and 
Associate Professor positions available in the Division of General 
Surgery, Department of Surgery at The Milton S. Hershey Medical 
Center of the Pennsylvania State University College of Medicine. 
These are full-time, tenure-track faculty positions in Oncologic 
Surgery, Transplant Surgery, and Vascular Surgery. Fellowship 
training is required and candidates should be certified or eligible for 
the American Board of Surgery examination. An ongoing research 
program as well as a serious commitment to medical education is 
essential. Please send inquiries and curriculum vitae to Gordon L. 
Kauffman, Jr., M.D., Chief, Division of General Surgery, The 
Pennsylvania State University College of Medicine, RO. Box 
850, Drawer AS Hershey, Pennsylvania 17033. Application 
deadline: March 31, 1989. The Pennsylvania State University is an 
Affirmative Action/Equal Opportunity Employer. Women and 
minorities are encouraged to apply. 


VASCULAR SURGEON — Board certified/eligible vascular sur- 
geon needed to join 300 physician multi-specialty group in 
Sacramento, CA. Competitive salary and excellent fringe benefits. 
Ninety miles from Sierra skiing and San Francisco. California license 
required. Send curriculum vitae to: Mrs. Carolyn Whelan, The 
Permanente Medical Group, Inc., 2625 Morse Avenue, Sacra- 
mento, CA 95825. EOE. 


Associate Veterinarian, (Pathologist) —$3,108.33—$4,666.67/ 
mo. The California Primate Research Center, UC Davis, is recruiting: 
for an Associate Veterinarian (pathologist). Duties include diagnostic 
pathology, characterizing animal models of human disease, training 
residents in pathology, participating in preventive medicine pro- 
grams, and providing research service and collaboration. Candidates 
must have a D.V.M. degree, Board-eligibility or certification by the 
American College of Veterinary Pathologists, nonhuman primate 
pathology experience, and a background in immunopathclogy, 
teratology, or respiratory pathology, Candidates must provide 1 to 
3 references, statement of qualifications, and curriculum vitae. 
Position is open until filled, but not later than April 30, 1989. 
Required application forms may be obtained by calling (916) 752- 
0531, Monday—Friday, 10am—-2pm. Please reference job (VL) #9- 
0040 when calling. Mail applications to: UC Davis, Employment 
Office, TB-122, Davis, CA 95616 for VS #9-0040. E.O.E. U.C. 
Davis. l 


BC/BE GENERAL SURGEON to join primary care physician 
group of 16. Position located at divisional site of large multispecialty 
group of +190 physicians. Division located in upper Midwest, 
university community. Please send C.V. to: Box ANN3B, J. B. 
Lippincott Company, East Washington Square, Philadelphia, PA 
19105. 





Clinical Assistantship/Junior Attending position available July, 
1989, in a 359-bed teaching affiliated hospital located in Harttord, 
Connecticut. Excellent opportunity to gain clinical experience, 
participate in student and house staff training programs, and prepare 
for surgical boards. Completion of accredited surgical residency 
program and eligible for Connecticut license required. Contact: Joel 
L. Cohen, M.D. or Martin L. Snyder, M.D., Mount Sinai 
Hospital, 500 Blue Hills Avenue, Hartford, CT 06112, (203) 286- 
4678. 


COLORADO PERMANENTE MEDICAL GROUP is an 
expanding multispecialty prepaid group practice caring for members 
of the Kaiser Foundation Health Plan. Position available imme- 
diately for BE/BC general surgeon to join existing eleven physician 
department. Competitive salary and benefits. Contact: V.A. 
LaFleur, M.D., Associate Medical Director, Colorado Perma- 
nente Medical Group, P.C., 2045 Franklin Street, Denver, CO 
80205, (303) 861-3263. EOE. 





ECMO FELLOWSHIP: Clinical and Research Fellowship in 
Pediatric Extracorporeal Membrane Oxygenation and Surgical 
Intensive Care available for 1 to 2 years. Three years of general 
surgery training required. Send Curriculum vitae and three letters of 
reference to: W. Hardy Hendren, M.D., Department of Surgery, 
Fegan 3, The Children’s Hospital, 300 Longwood Avenue, 
Boston, MA 02115. 





FLORIDA PRACTICE TO PURCHASE—A large 30 years 
single practitioner surgical practice is beginning preparation for 
retirement. The practice is well established and respected in 
Northeast Florida and has a very strong relationship with referral 
sources and area hospitals. Inquiries from Board Certified General 
Surgeons are welcome. Please send CV and or letter of qualification 
to Box ANN3E, J. B. Lippincott Company, East Washington 
Square, Philadelphia, PA 19105. 





GENERAL SURGEON-—BC/BE general surgeon to join three 
man group in Maryland suburbs of Washington, D.C. Exciting 
environment with excellent salary and benefits. Partnership oppor- 
tunities available. Must be American Medical School Graduate. 
Send curriculum vitae to P.O. Box 1095, Greenbelt, MD 20770. 


CHAIR, DEPARTMENT OF SURGERY—UNIVERSITY OF 
TEXAS SOUTHWESTERN MEDICAL CENTER AT DAL- 
LAS: The University of Texas Southwestern Medical Center at 
Dallas is seeking a chair for the Department cf Surgery. Candidates 
should be board certified and have extensive clinical, academic, and 
administrative experience. The Chair of Surgery is also Chief of 
Surgery at Parkland Memorial Hospital as well as the University 
Medical Center which is scheduled to open in late 1989. The 
department also is responsible for providing surgical services at the 
1000-bed Dallas Veterans Hospital. Important responsibilities 
include direction of the residency training program, medical student 
teaching, and further development of clinical and basic research. 
Send curriculum vitae to: E Gary Cunningham, M.D., Professor 
and Chairman Department Obstetrics & Gynecology, Chairman, 
Surgery Search Committee, University of Texas Southwestern 
Medica} Center at Dallas, 5323 Harry Hines Boulevard, Dallas, 
Texas 75235-9032. An Affirmative Action/Equal Opportunity 
Employer. 


GENERAL SURGEON—WASHINGTON STATE: The Rock- 
wood Clinic, an expanding 63-member multi-specialty clinic seeks 
a fourth BC/BE general surgeon to join this busy department. 
Excellent professional environment, competitive salary leading to 
early shareholder status, five weeks vacation plus many added 
benefits. Spokane offers a wide range of cultural events, affordable 
housing, excellent schools and unlimited recreational activities. 
Contact: Colleen Mooney, Recruitment Coordinator, Rock- 
wood Clinic, E. 400 Fifth Avenue, Spokane, WA 99202, (509) 
838-2531. 


GENERAL SURGEON: Surgical Group seeking BC/BE Univ. 
trained associate to provide quality General Surgery. Experience in 
PV surgery required. Mountain West. Excellent hospital, support 


facilities. Send CV to Box ANN3C, J. B. Lippincott Company, 


East Washington Square, Philadelphia, PA 19105. 


GENERAL/ VASCULAR SURGEON— North Carolina, New 
Jersey, and Nationwide Opportunities. BE/BC. Dr. Len Goodman, 
SMA, P.O. Box 25786, Charlotte, NC 28229,704-536-2527. 


INDIANA— General and Thoracic Surgeon (BC/BE). Busy and 
stable six (6) man department in 60 M.D. multispecialty group, 
minutes from Chicago, looking to ADD and SHARE responsibil- 
ities with well-trained general and thoracic, non-cardiac surgeon. 
Captive on-site referral base from more than 35 primary care 
associates. Excellent diagnostics and support from well equipped 
Radiology department—-from routine to to-al CT scan. Complete 
lab and out-patient Surgery Center on site. Partnership in one year— 
No buy in. With existing incentive formula could be one of highest 
earners in group. Excellent career opportunity for group oriented 
M.D. Most liberal vacation/PG allowance. Malpractice and fringes 
Clinic paid. Community, schools, and locaticn ideal for family, Send 
resume to: T.R. Hofferth, Administrator, The Hammond Clinic, 
7905 Calumet Avenue, Munster, IN 46321. (219) 836-5800. 


RESEARCH FELLOWSHIP— Research Fellowship in thoracic 
oncology available for two to three years. Projects include the 
immunology and biology of lung cancer and studies on molecular 
mechanisms of metastases, Salary is supported by an NIH Training 
Grant. Applicants must be U.S. Citizens or permanent residents 
enrolled in a General or Thoracic Surgery Residency Program. Send 
curriculum vitae and three references to: Dr. Jack A. Roth, 
Chairman, Department of Thoracic Surgery, Box 109, Univer- 
sity of Texas M.D. Anderson Hospital and Tumor Institute, 1515 
Holcombe Bivd., Houston, Texas 77030. An Equal Opportunity/ 
Affirmative Action Employer. l 


PRACTICES FOR SALE— Assume an existing practice available 
in most states and all specialties. Practices appraised on-site. Fees 
paid by seller. Contact Frank Murray, Jackson & Coker, 400 
Perimeter Center Terrace, Suite 760 ASPB9, Atlanta, GA 30346, 
Tel. 1-800-544-1987, 


SUBURBAN BOSTON: Experienced BE/BC general surgeons to 
join well-established multi-center HMO. Attractive, well-equipped 
facilities in suburban Boston locations. Competitive salary and 
benefits. Send C.V. to: Director of Professional Human Services, 
Medical East Community Health Plan, One Worcester Road, 
Framingham, MA 01701, (508) 879-0077 (collect). We are an 
equal opportunity/affirmative action employer. 


SURGICAL ONCOLOGY RESEARCH FELLOWSHIPS— 
The Div of Surg City of Hope Nat'l Medical Ctr has been awarded 
a grant from the NCI supporting the research training of outstanding 
surgeons as, preparation for careers in academic surgical oncology. 
The trainees spend 2 years in laboratory investigation involved in the 
testing of clinically relevant hypotheses. The program is flexibly 
designed so that electives in non-surgical clinical disciplines (Med 
Onc, Rad Onc, etc) can be included and so that the needs of each 
trainee are Optimally fulfilled. Training may be taken during or upon 
completion of residency. Salary is dependant upon level of training. 
Benefits include health ins. Appts commence 7/1/89. Contact: J. 
David Beatty, MD, Dir, Res & Ed, Div of Surg, City of Hope 
Nat’! Med Ctr, 1500 E Duarte Rd, Dept A, Duarte, CA 91010. 
Telephone 818-359-8111, Ext 3051. 


SURGEON—Presbyterian Medical Center of Philadelphia: 
Presbyterian Medical Center of Philadelphia is seeking applicants for 
two positions in the Department of Surgery. Presbyterian is an 
independent 318 bed tertiary care, full service facility which has 
major teaching and research affiliation with the University of 
Pennsylvania. A full time academic position with the University is 
an option. The first position offered will be at the Associate Professor 
level and the second position will be for someone with special interest 


in surgical intensive care, at the Assistant Professor level. Respop-—” 


sibilities will include administration of the clinical department and 
graduate and undergraduate education. Active involvement in 
clinical research is preferred and can be supported. The Department 
seeks to fill these positions on or before 7-1-89. Applicants should 
submit their curriculum vitae to: Charles Wolferth, M.D., Director, 
Department of Surgery, Presbyterian Medical Center of Phila- 
delphia, 39th & Market Streets, Philadelphia, PA 19104. 
Presbyterian Medical Center is an Equal Opportunity/A ffirmative 
Action Employer. 


TRAUMA FELLOWSHIP—EASTERN VIRGINIA MEDI- 
CAL SCHOOL, DEPARTMENT OF SURGERY, DIVISION 
OF TRAUMA/CRITICAL CARE— The Department of Surgery 
of Eastern Virginia Medical School is accepting applications for a 
one year Trauma and Critical Care Fellowship commencing July 1, 
1988. Applicants must have completed a residency program in 
General Surgery with education and experience in the field of 
Trauma/Critical Care. Applicants must be Board certified or eligible. 
The fellowship will be based at Sentara Norfolk General Hospital, 
the designated Level I Adult/Pediatric Regional Trauma and Burn 
facility. Applicants should send a letter of application, curriculum 
vitae and the names of three references to: L.D. Britt, M.D., M.BH., 
Chief, Division of Trauma and Critical Care, Eastern Virginia 
Medical School, Medical Director, Shock Trauma Center, 
Sentara Norfolk General Hospital, 825 Fairfax Avenue, Norfolk, 
VA 23507. 





BC/BE General Surgeon to join established General Surgeon in 
Midwest multispecialty group affiliated with 400-bed acute care 
hospital, medical school and approved surgical residency program. 
Reply Box ANN3D, J. B. Lippincott Company, East Washington 
Square, Philadelphia, PA 19105. 
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Esophageal/duodenal decompression is 12-14 times more efficient than 
gastric aspiration of alternative devices.* "Enteral hyperalimentation" begins 
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INCOMPARABLE Moss®TusEs a 


(but compare with other feeding-decompression tubes anyway.) 


1. Decompression Site 


Gastric suction alone cannot work! The stomach's 
longitudinal folds mimic parallel segments of intestine. 
Aspiration orifices may empty a single “Magenstrasse”’ 
(figure A). Most swallowed air avoids suction, and is 
propelled through the pylorus via adjacent channels. A 
clinical study of other N-G and G-tubes measured 32-42% 
inefficiency. A toll booth in the center of a wide highway 
cannot collect from traffic in the outer lanes. 

Removal of air is most effective at constricted (single-file) 
sites. Measured efficiency increases |2-fold by adding 
aspiration within the adjacent esophagus and/or 
duodenum. And flowing duodenal digestive juices 
“self-cleanse” the tube of occluding mucus. 


2. Feeding site 


Gastric feeding risks distention and aspiration. 
Jejunal delivery bypasses 1-3 feet of proximal intestine, 
acting as a barrier to retrograde decompression. Aspira- 
tion of feedings is less likely, but remains a risk. Minimal 
initial infusion (starvation) is manditory initially. 

The Moss®G-Tube's duodenal delivery site is the 
most effective. With proximal duodenal aspiration (pat- 
ented), the initial distal feeding rate is unlimited. Clinical 
X-rays visualized removal of all excess feeding, with none 
reaching the stomach. (Fig. B) The full length of intestinal 
absorption is available immediately. Earliest "enteral 
hyperalimentation” is safely instituted within the recovery 
room. Positive nutritional balances are achieved, leading 
to enhanced sepsis resistance, accelerated wound healing 
and shorter L.O.S. 


3. Aspiration Orifices 


Uniformly sized orifices (all others) "suck in" mucosa 
to occlude the openings and stop decompression. 
Mucosal release then requires a null period (intermittant 
suction). Prograde air or retrograde feedings can be 
propelled accross and beyond the stomach, causing 
distention or aspiration. 

By pairing each large orifice with a patented, smaller 
“suction buster"@opening (Moss®G-tube), continuous 
aspiration is maintained despite inadvertantly elevated 
suction. 


4. Biomaterials 


The Moss®G-Tube is all silicone, the accepted "gold 
standard” for optimum long term stability, tissue tolerance 
and biocompatibility. 





Effective 
Aspiration 
Sites 


Gastric Streams 
(Magenstrasse) 


A. The functioning stomach subdivides into discrete"Magenstrasse’’. 
Any tube can only evacuate the single gastric stream within which it lies. 





B. Study @ 5 minutes. Note effective removal of all excess barium 
flowing retrograde, none visualized to reach the stomach. 
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“Start 
anorectal 


therapy off 
on the i ght 
foot 


Effective anorectal therapy begins with 
ANUSOL® Offering prompt relief of pain, 
burning, and itching, ANUSOL allows 
anorectal patients to continue an active 
life-style. The rapid anesthetic action of 
pramoxine hydrochloride—available in ointment 
form—is as potent as benzocaine, but well 
tolerated and less sensitizing. And both 
ointment and suppository forms offer 
astringent and protectant properties to 
soothe irritated anorectal tissue. 


To help put an end to anorectal discomfort, 
start your patients on the leading therapeutic 
choice for anorectal relief...recommend ANUSOL. 
To receive a complimentary supply of patient 
booklets on anorectal care, along with an easel 

display, call 1-800-537-5179. 


® Hemorrhoidal 
Suppositories 
and Ointment 


helps anorectal 
patients stay active 
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than cefoxitin** 


several times the half-life 
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E twice-daily treatment 








Count on 


CEFOTAN... 


(cefotetan disodium | 


In intra-abdominal and gynecologic infection 
due to indicated organisms 





References: 1. Nightingale CH, Smith KS, Quintiliani R, et al: The conversion of cefoxitin usage 
to cefotetan: An interdisciplinary approach. Am J Surg 1988;155(5A):101-102. 2. Sochalski A, 
Sullman S, Andriole VT: Cost-effectiveness study of cefotetan versus cefoxitin and cefotetan 
versus combination antibiotic regimens. Am J Surg 1988;155(5A):96-101. 3. CEFOTAN® 
(cefotetan disodium) full prescribing information issued March 1986. 4. Physicians’ Desk 
Reference, ed 43. Oradell, NJ, Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 
pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH: Comparative pharmacokinetic 
study of cefotetan and cefoxitin in healthy volunteers. Infect Surg, April 1986 (suppl), 

pp 11-14. 6. Quintiliani R, Nightingale CH, Stevens RC, et al: Comparative pharmacokinetics 
of cefotetan and cefoxitin in patients undergoing hysterectomies and colorectal operations 

Am J Surg 1988;155(5A):67-70 


Please see adjacent page for brief summary of prescribing information. 1989 ICI Americas Inc 
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CEFOTAN... 


(cefotetan disodium| 


In intra-abdominal and gynecologic infection 
due to indicated organisms 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 

TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 

Urinary tract infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 

Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
cl ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 

kin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 

Gynecologic infections caused by Staphylococcus aureust (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae. Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,* and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus speciest). 

intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniaet), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 

Bone and joint infections caused by Staphylococcus aureus.t 

“NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 

t Efficacy for this organism in this organ system was studied in fewer than ten infections. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord. 

lf there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
ode contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require a and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 

INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by pd a sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ee of alcoholic beverages following the administration of CEFOTAN. 

DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should 
be carefully monitored, especially if higher dosages of the aminoglycoside are to be administered or if 
therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycoside antibi- 
otics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible 
that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 

with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
creatinine reported. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 


CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and pape in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approx 2-4 times the usual human dose), only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. Similar lesions have been observed in 
experiments of comparable design with other methylthiotetrazole-containing antibiotics and impaired 
fertility has been reported, particularly at high dose levels. No testicular effects were observed in 
7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs (3 weeks old) that 
received up to 300 ee IV for 5 weeks. The relevance of these findings to humans is unknown. 
USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 

and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
by ly this drug should be used during pregnancy only if clearly needed. 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal an toms occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 80) 
and nausea (1 in p 

Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 

(1 in 200), positive direct Coombs' test (1 in 250), and thrombocytosis (1 in 300). 

Hepatic ae elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700). 

Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500). 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6° grams 3 g every 12 hours IV 


“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
ag in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 


WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 


mL/min Dose Frequency 
>30 Usual Recommended Dose* Every 12 hours 
10-30 Usual Recommended Dose* Every 24 hours 
<10 Usual Recommended Dose* Every 48 hours 


*Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 9 dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. The vials 
should not be stored at temperatures above 22°C and should be protected from light. 

1 2 in 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21). 
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Sponsored By: Health Management 
Publications, Inc. 


THE SYMPOSIUM ON ADVANCED WOUND CARE is a national conference designed to bring 
health care professionals together for a unique educational meeting covering all aspects of chronic 
wound management. Noted speakers from the United States and abroad will present the most 
current research, technological advances, and clinical treatments in the field of wound care. 





April 23, 24, 25, 1989 








Some of the topics to be discussed include: 


e Aging, Skin & Retin-A e Wound Oxygenation: Hyperbaric Therapy 

e Wound Repair: The Growth Factor Revolution ¢Surgical Intervention: Grafts 

¢Patient Support Surfaces eInfection in Wound Management 
e Wound Coverings, Research & Results e Innovations in Clinical Treatment of Lower Extremity Ulcerations 


vee and much more with ample time for questions and answers! 


The Symposium Faculty will include: 


Russell W. Besset, MD - Chief of Plastic Surgery, Buffalo General, NY 

¢ Claude S. Burton III, MD - Director leg Ulcer Clinic, Duke University, NC 

Tom Crais, MD - Medical Director Micro-Surgery Lab, Southern Baptist Hospital, LA 

Keith G. Harding, MD - Dept. of Surgery, Welsh National School of Medicine, UK 

* Katherine F. Jeter, Ed.D, ET - Dept. of Enterostomal Therapy, Spartanburg Regional Medical Center, SC 

e Albert M. Kligman, MD, Ph.D - Dept. of Dermatology, University of Pennsylvania, PA 

David R. Knighton, MD - University Minnesota Hospital Center, MN 

*Keith Van Meter, MD, FACET - Director Emergency & Hyperbaric Medicine, JoEllen Smith Medical Center, LA 
* Barbara Oot-Giromini, RN, BSN, CETN - ET Nurse, Lourdes Hospital, NY 


sosesessoacccees and many more top experts in the field! 


POST CONFERENCE WORKSHOP - Wednesday - April 26, 1989 
Urinary Incontinence: A Major American Health Issue 
Moderator: Katherine F. Jeter, Ed.D, ET 


This half day post conference workshop has been added to the Symposium program for a limited 
number of registrants (250) who will be accepted on a first come/first served basis. An additional 
registration fee of $50.00 is required for post conference workshop admittance. 
Description and Objective: A four hour comprehensive program on current theory and 
management in urinary incontinence, drug therapy, skin care, and managing intractable 
incontinence with products and devices will be discussed. 


CEU/CME INFORMATION: 


e Provider approved by the California Board of Registered Nursing, Provider Number 06614, for 12 .5 contact hours. 

* Extended Programs in Medical Education of the University of California School of Medicine at San Francisco designates this 
continuing medical education activity for 15.5 credit hours in Category 1 of the Physician's Recognition Award of the American 
Medical Association and the Certification Program of the California Medical Association. 

¢ The Board of Examiners of Nursing Home Administrators (BENHA) has approved this conference. 





UPON RECEIPT OF YOUR REGISTRATION, A PACKET DETAILING DISCOUNTED LODGING & AIRFARE WILL BE SENT! 
Q $225.00 fee for nurses and non-physicians O $275.00 fee for physicians 


Q YES! I AM ALSO REGISTERING FOR THE POST CONFERENCE INCONTINENCE WORKSHOP (an additional $50.00 enclosed) 





CITY STATE ZIP 
PHONE # LICENSE # 


*MAKE CHECKS PAYABLE AND RETURN TO HEALTH MANAGEMENT PUBLICATIONS, INC., 649 S. HENDERSON RD., KING OF PRUSSIA, PA, 19406 
*IF YOU NEED FURTHER INFORMATION CALL DENISE M. SARMENTO. (215)337-4466 
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Patients with portal hypertension are referred to surgeons for 
several reasons. These include the management of continued ac- 
tive variceal bleeding; therapy after a variceal bleed to prevent 
further recurrent bleeds; consideration for prophylactic surgical 
therapy to prevent the first variceal bleed; or, rarely, an unusual 
cause of portal hypertension which may require some specific 
surgical therapy. Injection sclerotherapy is the most widely used 
treatment for both acute variceal bleeding and long-term man- 
agement after a variceal bleed. Unfortunately it has probably 
been overused in the past. The need to identify the failures of 
sclerotherapy early and to treat them by other forms of major 
surgery is emphasized. The selective distal splenorenal shunt is 
the most widely used portosystemic shunt today, particularly in 
nonalcoholic cirrhotic patients. The standard portacaval shunt 
is still used for the management of acute variceal bleeding as 
well as for long-term management, particularly in alcoholic cir- 
rhotic patients. For acute variceal bleeding the surgical alter- 
native to sclerotherapy or shunting is simple staple-gun esoph- 
ageal transection, whereas in long-term management the main 
alternative is an extensive devascularization and transection op- 
eration. Liver transplantation is the only therapy that cures both 
the portal hypertension and the underlying liver disease. All pa- 
tients with cirrhosis and portal hypertension should be assessed 
as potential liver transplant recipients. If they are candidates for 
transplantation, sclerotherapy should be used to treat bleeding 
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varices whenever possible, as this will interfere least with a sub- 
sequent liver transplant. 


ESPITE THE EXTENSIVE LITERATURE on portal 
D hypertension and esophageal varices, few re- 

ports specifically analyze the role of the surgeon 
in portal hypertension management. Other than in centers 
with a specialized interest in portal hypertension, the ma- 
jority of general surgeons only see these patients when 
they are referred by a gastroenterologist or a hepatologist 
for specific forms of surgical management. Because such 
referrals are infrequent it is important to review the sur- 
gical options so that they can be placed in perspective. 
This paper analyzes current surgical therapy and other 
procedures. 

The patients referred for surgery fall into one of four 
broad categories. The patient may be referred as an emer- 
gency because of continued or recurrent acute variceal 
bleeding that has not responded to standard medical ther- 
apy. Such a patient may or may not have received one or 
more injection sclerotherapy treatments. These patients 
frequently pose complex and taxing problems. Several 
therapeutic options must be considered because no single 
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treatment is ideal for all patients. The second category 
includes patients who have had a recent variceal bleed 
that has settled spontaneously or after some specific non- 
surgical therapy. Here the referral is for a surgical pro- 
cedure to prevent a recurrent variceal bleed with it’s at- 
tendant high mortality. Although many patients may be 
referred to surgeons in centers with a specific interest in 
portal hypertension, the practicing surgeon outside of such 
centers should understand the options as well as the limits 
of his or her capabilities in managing these problems. The 
third category relates to prophylactic surgical measures 
aimed at preventing the first variceal bleed in patients 
who have portal hypertension and esophageal varices but 
who have not yet had a variceal bleed. This is currently 
the most controversial area. Mortality following the first 
variceal bleed varies considerably depending on the un- 
derlying etiology of the portal hypertension, the general 
fitness of the patient, and the availability of expertise in 
management. In this case, the form of therapy used must 
not only prevent the first variceal bleed but must do so 
with a lower morbidity and mortality than would simple 
observation and awaiting the first possible bleed. The 
fourth category includes patients with unusual causes of 
portal hypertension. In certain circumstances specific 
surgical therapies have been advocated. Although unusual 
in Western practice, these therapies are reviewed to pro- 
vide surgical guidelines. 

The division of patients into four categories is somewhat 
arbitrary because there may be some overlap of patient 
conditions and symptoms and the same management 
policy may deal with more than one group at the same 
time. For instance, a successful emergency portacaval 
shunt performed to control acute variceal bleeding also 
prevents recurrent variceal bleeds in surviving patients. 


Surgical Options 
Portosystemic Shunts 


For three decades (mid 1940s to mid 1970s) portacaval 
shunts, particularly standard end-to-side or side-to-side 
shunts, were the main form of surgical therapy for patients 
with esophageal varices. However, controlled trials dem- 
onstrated problems and complications. This, together with 
the advent and subsequent widespread popularity of in- 
jection sclerotherapy during the last decade has led to a 
reduction in the use of shunts. Newer studies comparing 
portacaval shunts with other modalities of therapy in both 
acute variceal bleeding management and in long-term 
therapy after a variceal bleed have restimulated interest 
in shunts. 


Portacaval Shunts 


The three main types of portacaval shunts are shown 
in Figure 1. They are end-to-side and side-to-side shunts 
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and the more recently described H-graft variants. The 
most widely used has been the original end-to-side shunt 
(Fig. 1A). The side-to-side shunt has been used less com- 
monly but has a particular role in treating patients with 
severe ascites (Fig. 1B). The operative techniques are well 
described in standard texts. 

Historically portacaval shunts have been the most 
widely studied with prolonged follow-up and therefore 
their effects and outcome have been evaluated the best. 
Portacaval shunts were introduced clinically in the mid 
1940’s.' Having lost favor in recent years, they are being 
re-evaluated as the problems and complications of the 
other types of shunts become evident with more prolonged 
follow-up. 

There are four completed controlled trials comparing 
therapeutic portacaval shunts with conventional medical 
management.” All were performed several years ago and 
few patients had endoscopic confirmation of bleeding 
esophageal varices. The fact that these trials failed to pro- 
vide a clear-cut survival advantage lead surgeons to ques- 
tion the value of the procedure. However, recent inves- 
tigations have shown that other newer forms of therapy, 
particularly other shunts in alcoholic cirrhotic patients, 
seldom provide a survival advantage. This has lead to a 
revival of interest in standard portacaval shunts. Although 
a successful portacaval shunt effectively prevents recurrent 
variceal bleeding, this is traded for an unpredictable in- 
cidence of postshunt encephalopathy that can be severely 
debilitating. 

The results of studies in which shunts were performed 
prophylactically to prevent the first esophageal variceal 
bleed were even more dramatic. Three of the four con- 
trolled trials comparing shunting with conventional med- 
ical management showed worse survival rates in the 
shunted patients. These trials were also performed many 
years ago but have wisely led to the almost complete 
abandonment of prophylactic portacaval shunts. In the 
author’s view, prophylactic shunts (or any other form of 
major surgery for prophylaxis) are unjustified on current 
evidence because the first variceal bleed can be successfully 
treated in most patients when it occurs. In addition, the 
low incidence of variceal bleeding in the control patients 
in the prophylactic trials, as well as the inability to identify 
patients who are vulnerable to a first bleed,”~'' make pro- 
phylactic shunts unacceptable. 

Although portacaval shunts were previously advocated 
as the definitive therapy for acute variceal bleeding, with 
the added advantage of successfully preventing recurrent 
bleeds in long-term management, the reported high mor- 
tality limited the use of emergency portacaval shunts to 
a few centers where enthusiasm has continued. Orloff has 
been one of the major proponents and has continued to 
advocate emergency shunts. He has documented an ever 
decreasing mortality as expertise has improved.'? Nev- 
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ertheless, this view has been criticized by many authorities. 
Recent studies of emergency portacaval shunts have re- 
vived interest.'*:'* The controlled trial of Cello et al. has 
been widely cited.'° They compared emergency shunts 
with sclerotherapy in poor risk alcoholic cirrhotic patients. 
They documented that rebleeding from varices, the du- 
ration of rehospitalization for bleeding, and transfusions 
received were significantly greater in the sclerotherapy 
group. Furthermore, 40% of those patients discharged ul- 
timately required surgical treatment. Costs and long-term 
survival did not differ significantly. They concluded that 
although sclerotherapy was as good as shunting in this 
setting, those sclerotherapy-treated patients in whom var- 
ices were not eradicated and who continued to bleed 
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Fics. 1A-C. Portacaval shunts. (A) End-to-side shunts; (B) side-to-side shunts; 
(C) H-graft. 


should be considered for elective shunt surgery. The au- 
thor’s group has reached a similar conclusion based on 
an assessment of their sclerotherapy patients.'® The ex- 
cellent paper by Cello et al. has been criticized because 
their criteria for classification as Child’s C was less strin- 
gent than usual. Nevertheless, their findings are important. 

Another study from Barcelona evaluated staple tran- 
section and shunts in low-risk patients and staple tran- 
section and sclerotherapy in high-risk patients. They con- 
cluded in favor of staple transection rather than shunts 
in low-risk patients and in favor of sclerotherapy in high- 
risk patients.'’ Unfortunately shunts were not evaluated 
in high-risk patients. 

A technically simpler operation is the interposition of 
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either a vein or a prosthetic graft directly between the 
portal vein and the vena cava (Fig. 1C). An innovative 
approach by Sarfeh et al. whereby reinforced narrow di- 
ameter prosthetic PTFE grafts are interposed between the 
portal vein and the vena cava together with esophago- 
gastric devascularization has been reported to provide ex- 
cellent results in managing both acute variceal bleeding 
and in the long-term management after a variceal bleed. 
The numbers of patients treated remain small and the 
study is still in progress, but the simplicity of the procedure 
is appealing. ' 

Portacaval shunts in children pose a particular problem 
because of the small size of the anastomosis with a high 
thrombosis rate, other than in selected centers.'® Most 
groups favor nonshunting management in children, par- 
ticularly sclerotherapy. °? 


Mesocaval Shunts 


The previously popular wide lumen mesocaval H-grafts 
(Fig. 2A) using prosthetic material’! have largely been 
abandoned because of a high late thrombosis rate. These 
shunts have also been associated with as high and as un- 
predictable an encephalopathy rate as occurs with stan- 
dard portacaval shunts. In addition, they do not provide 
selective shunting as was originally believed. The excep- 
tions with regard to late thrombosis with prosthetic grafts 
are the C-mesocaval grafts of Cameron et al.” (Fig. 2B) 
and Sarfeh et al.’s narrow-diameter (8 mm) PTFE por- 
tacaval H-grafts (Fig. 1C), as already discussed. Trials by 
other groups are required to confirm the satisfactory re- 
sults and long-term patency of the C-mesocaval shunts. 
In a mesocaval graft designed particularly for use in chil- 
dren, the vena cava is transected low down and turned 
up and anastomosed to the mesenteric vein end-to-side, 
thereby providing a wide anastomosis. Although used rel- 
atively commonly in the past” (Fig. 2C), it is seldom used 
today because of the success of sclerotherapy in childhood 
portal hypertension. 


Splenorenal Shunts 


The originally described central splenorenal shunt en- 
tailed removal of the spleen with anastomosis of the re- 
maining splenic vein to the renal vein as an end-to-side 
procedure (Fig. 3A). Although thought to provide some 
degree of selective shunting, it usually becomes a total 
shunt with superior mesenteric blood flowing down the 
splenic vein and hence into the systemic circulation via 
the renal vein. It has been associated with a similar inci- 
dence of encephalopathy as the end-to-side shunt and 
probably has a higher thrombosis rate. It is less frequently 


_ used than the standard end-to-side portacaval shunt. 


The shunt that has captured the imagination of surgeons 
since its introduction by Warren and Zeppa”* has been 
the selective distal splenorenal shunt (Fig. 3B). It has the 
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theoretical advantage of selectively shunting left upper 
quadrant venous blood and thereby decompressing the 
lower esophagus and upper stomach via the spleen, while 
at the same time preserving the superior mesenteric blood 
flow to the liver. Another important theoretical factor fa- 
voring this shunt is the purported lower encephalopathy 
incidence that is presumed to occur because of continued 
perfusion of the liver by mesenteric blood. Because of the 
current enthusiasm it is important to consider the advan- 
tages and disadvantages of this shunt. 

The distal splenorenal shunt has been compared with 
various conventional shunts in six completed randomized 
controlled clinical trials.**-°° However, only three of these 
trials****°? have demonstrated a lesser early encephalop- 
athy rate with the selective shunt. Another disappointment 
has been the fact that prograde portal-vein blood flow to 
the liver, which should in theory be maintained, is not in 
many patients at long-term follow-up. Failure to maintain 
prograde portal perfusion has proved to be a particular 
problem in alcoholic cirrhotic patients.*! Alcoholic cir- 
rhotic patients also have a poorer rate of survival than 
nonalcoholic patients after this shunt.*? In fact, survival 
in alcoholic cirrhotic patients does not appear to be better 
than after a standard portacaval shunt. Another concern 
is the continued modification of the operation. An im- 
portant modification has been described by both Inokuchi 
et al.’ and Warren et al.** They emphasize complete dis- 
section of the splenic vein off the pancreas up to the splenic 
hilum plus extensive portal collateral obliteration. This 
reduces the pancreatic sump or siphon effect which, with 
the passage of time, deviates blood away from the liver 
via the shunt into the systemic circulation. This modifi- 
cation unfortunately extends the magnitude of the pro- 
cedure. However, the procedure has been shown to be 
particularly important in the treatment of alcoholic cir- 
rhotic patients. The author has used the modified shunt 
for some years. Both portal vein thrombosis and stenosis 
or occlusion of the shunt have been reported. Early oc- 
clusion should be treated by reoperation and stenosis 
should be treated by balloon dilatation gaining access to 
the shunt via the femoral vein.’ The distal splenorenal 
shunt is technically more exacting than other standard 
shunts. It is also not suitable for all patients and is con- 
traindicated where severe ascites coexists. 

This shunt has also been compared with sclerotherapy 
in three controlled trials. The first was reported by War- 
ren’s group, who were the originators of the distal sple- 
norenal shunt. They showed that liver function was less 
well preserved in shunted patients. Although the rebleed 
rate was higher, survival was significantly improved in 
patients treated initially with sclerotherapy. Note, how- 
ever, that the treatment of the sclerotherapy group con- 
stituted a combination of sclerotherapy plus distal sple- 
norenal shunt for the failures of sclerotherapy. Thirty-one 
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Fics. 2A-C. Mesocaval shunts. (A) H-graft; (B) C-graft; (C) Clatworthy shunt. 
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Fics, 3A and B. Splenorenal shunts. (A) Central splenorenal shunt; (B) 
selective distal splenorenal shunt. 


percent of the sclerosed patients required a subsequent 


shunt.” Neither of the other two trials showed a survival 


advantage for the sclerotherapy groups.*”** All three trials 
demonstrated more frequent recurrent hemorrhage in the 
sclerotherapy patients. Clearly the bottom line has yet to 
be written. Excellent technical descriptions of the distal 
splenorenal shunt are available in standard texts. 


Other Shunts 


A left gastric vein to vena caval shunt has been described 
by Inokuchi.*? When performed together with esophago- 
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gastric devascularization, this also provides selective 
shunting with reported good results, although it is a tech- 
nically difficult shunt. The author has no experience with 
this shunt. Other forms of makeshift shunts anastomosing 
dilated mesenteric vessels to the systemic circulation have 
usually produced disappointing results. 

The original end-to-side and side-to-side portacaval 
shunts are the gold standard against which other shunts 
should be evaluated. Other shunts still must be proved to 
be superior in alcoholic cirrhotic patients. The selective 
distal splenorenal shunt is the most conceptually exciting 
shunt and is widely used in all types of cirrhotic patients. 
It may well prove to be the best shunt in nonalcoholic 
patients. 


Devascularization and Transection Operations 


A wide variety of devascularization and/or transection 
procedures involving the lower esophagus and upper 
stomach were described and used in the past.*° A detailed 
description is beyond the scope of this review. The variceal 
bleeding site is usually situated in the lower 4 cm to 5 
cms of the esophagus. Conceptually this area is discon- 
nected from the high-pressure, intra-abdominal portal 
venous system by dividing inflow venous connections as 
part of an esophagogastric or esophageal or gastric de- 
vascularization procedure while the venous blood flow in 
the deeper layers of the stomach or esophagus is inter- 
rupted by division and reanastomosis of either organ. To- 
day most workers divide the lower esophagus immediately 
above the esophagogastric junction using the staple gun 
for the anastomosis. 


Esophageal or Gastric Transection Alone 


Although originally performed by hand, almost all 
transections today have a staple-gun transection of the 
esophagus immediately above the esophagogastric 
junction*?~** (Fig. 4A). The alternative is a transection of 
the upper stomach as described by Tanner many years 
ago,*' but this has been largely supplanted by esophageal 
transection. Although transection and staple anastomosis 
of the upper stomach is possible, this procedure is more 
difficult than an esophageal transection. 

Esophageal transection is performed by separating the 
vagal nerves from the lower esophagus and isolating the 
esophagus. This is more difficult than in normal circum- 
stances because of the portal hypertension. The esopha- 
geal-transection gun is inserted via a small gastrotomy. 
The instrument is opened and a tie is placed snugly around 
the esophagus before closing the instrument and firing the 
gun. This simultaneously transects and reanastomoses the 
lower esophagus. Complications, although relatively un- 
common, include esophageal leaks or stenosis at the 
anastomosis site. Complications are less when transection 
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is performed alone than when it is combined with an ex- 
tensive devascularization procedure. 


Devascularization Alone 


Various transabdominal devascularization procedures 
have been described. One of the most widely used in the 
past was the Hassab procedure, which is an upper gastric 
devascularization and splenectomy without transection.*° 
Excellent results were reported in treating schistosomiasis. 
An alternative, and a very similar procedure, is the Wo- 
mack operation that devascularizes the upper stomach 
and also includes splenectomy and oversewing of varices 
but without a transection. A transabdominal devascu- 
larization procedure is depicted in Figure 4B. The classical 
descriptions above included splenectomy, although today 
it has been recognized that the spleen may be left in situ. 

Current evidence is that a devascularization procedure 
alone without a transection is insufficient in Western pa- 
tients presenting with cirrhosis. This is confirmed by the 
recent report of the long-term follow-up of the Womack- 
operation patients from Chappel Hill,*’ in whom this 
procedure was shown to be ineffective. A minimally in- 
vasive embolization and transcatheter thrombosis pro- 
cedure performed via a mini-laparotomy has been re- 
ported. It is claimed to achieve similar devascularization 
without transection with apparently successful results.** 
Further evaluation is required. 


Extensive Esophagogastric Devascularization with Tran- 
section 


The extensive abdominothoracic procedure described 
by Sugiura’? and its modifications*’ are widely used in 
Japan with excellent reported results (Fig. 5A). Results in 
the West, where the patient material is different, have 
been less favorable. A study from New York concluded 
that although the procedure stops acute bleeding reliably 
and prevents early rebleeding, it is a tedious, time-con- 
suming operation with a high complication rate and a 
high rebleed rate. They point out that similar results can 
be achieved with simpler procedures.” 

Most Western surgeons perform an extensive devas- 
cularization of the upper half of the stomach and of the 
lower 5 cm to 7 cm of the esophagus via the transabdom- 
inal route, and combine this with a low esophageal staple- 
gun transection. The author’s technique is to perform a 
highly selective vagotomy along the lesser curve and then 
divide the greater curve short gastric vessels without re- 
moving the spleen. This is followed by an extensive de- 
vascularization of the lower 5 cm to 7 cm of the esophagus 
performed via the hiatus. The procedure is completed by 
an esophageal stapled transection (Fig. 5B). In a follow- 
up study of 13 patients undergoing a similar procedure 
in Sheffield, England, varices either disappeared or were 
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Fics. 4A and B. Transection or devascularization operations. (A) Esoph- 
ageal transection with a staple gun; (B) gastric devascularization alone. 


reduced in number in all patients. No varices were present 
within 1 cm of the stapled anastamosis and a doppler 
study showed no flow in the residual varices. These 
changes were not always permanent but it could take 
many years for the varices to redevelop.*” 

The extensive abdominothoracic devascularization 
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Fics. 5A and B. Combined transection and devascularization operations. 
(A) Sugiura operation; (B) transabdominal gastroesophageal devascular- 
ization and staple-gun esophageal transection with preservation of the 
spleen. 


procedures and other forms of nondecompressive surgery 
have been evaluated for prophylaxis to prevent the first 
varical bleed in Japan.” The author does not believe that 
this is justified. In the Japanese experience only 20% of 
the control patients bled during the course of the evalu- 
ation, which thereby implies that up to 80% of patients 
had an unnecessary major operation. 

Simple staple-gun esophageal transection is advocated 
by most surgeons in the management of active variceal 
bleeding, particularly for the failures of sclerotherapy. For 
long-term management a more extensive procedure is 
usually recommended as an alternative to either shunts 
or sclerotherapy. The author prefers a transabdominal ex- 
tensive esophagogastric devascularization plus staple-gun 
esophageal transection. 


Sclerotherapy 


Sclerotherapy of esophageal varices was first reported 
in a patient in 1939.°* There was initial interest but this 
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was largely supplanted by the newly introduced portacaval 
shunting operations. Interest in sclerotherapy resumed in 
the 1970s with reports of its successful use and with the 
commencement of controlled trials. 

Today it is the most commonly used management for 
patients with portal hypertension and esophageal varices. 
As a result of the published controlled trials**~>? initial 
enthusiasm for its use is being questioned. Thus sclero- 
therapy is beginning to find its correct place among other 
surgical procedures. 

Although sclerotherapy is largely performed by physi- 
cians, usually gastroenterologists or hepatologists, the 
procedure is part of the surgical armamentarium in a 
number of units and will thus be presented and discussed 
briefly. Detailed reviews of its use are available. 


Technical Variants 


There has been an almost complete shift from the orig- 
inal rigid endoscope techniques to the use of the flexible 
fiberoptic endoscope over the past ten years. This is sup- 
ported by the results of a controlled trial.°' The majority 
of North American studies have used a direct intravariceal 
injection of one of a variety of sclerosing agents (Figs. 6A 
and 6B). The concept of intravariceal sclerotherapy is that 
the variceal channels will be thrombosed and obliterated, 
thereby controlling acute variceal bleeding and preventing 
recurrent variceal bleeds. 

The alternative paravariceal technique is shown in Fig- 
ure 7A. The concept is that in the acute bleed setting 
this procedure produces a bleb or swelling that compresses 
the adjacent varix and stops bleeding. In long-term man- 
agement it produces thickening of the overlying mucosa, 
thereby theoretically reducing or preventing recurrent 
bleeds. A number of researchers, including those in the 
author’s group, use a combination of intra- and paravar- 
iceal sclerotherapy techniques in the hope that this will 
result in a summation of the advantages of both techniques 
(Fig. 7B). The author’s group use this combined technique 
particularly in acute variceal bleeding but subsequently 
use a predominantly intravariceal injection technique 
(Fig. 6A). 

Several other technical details have been subjected to 
controlled trials. One trial compared intra- with paravar- 
iceal sclerotherapy using a relatively unusual agent, ab- 
solute alcohol, and demonstrated that the intravariceal 
technique was superior. Controlled trials have compared 
different sclerosing agents. Ethanolamine oleate was 
shown to be superior to polidocanol™ and sodium tet- 
radecal sulphate (STD)® using one technique, while pol- 
idocanol was superior to absolute alcohol using a different 
technique.® Although animal models have been tested, 
further trials are required in humans. The author rec- 
ommends the use of 5% ethanolamine oleate, based on 
personal experience and recent controlled trial evidence, 
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Fics. 6A and B. Sclerotherapy. (A) Intravascular sclerotherapy using the flexible endoscope; (B) intravascular sclerotherapy using the rigid endoscope. 


but this requires further investigation. Polidocanol is the 
most widely used solution for paravariceal injections.° 


Uses and Results of Sclerotherapy 


There is increasing interest in the use of sclerotherapy 
at the time of the first diagnostic endoscopy.°’’ Although 
technically difficult, it is better to deal with the problem 
immediately rather than waiting, during which time the 
patient could bleed again. Acute bleeding can be con- 
trolled, although this is more difficult. Varices that have 
signs of recent bleeding (i.e., a clot on a varix), but in 
which bleeding has stopped, can also be dealt with at the 
time of the first emergency endoscopy, if circumstances 
and expertise permit. 

In most institutions urgent or emergency sclerotherapy 
has been used in all patients with severe active variceal 
bleeding that has not responded to conservative measures. 
Three controlled trials investigated emergency sclero- 
therapy and the results support its use.’””-’? Considerable 
evidence from uncontrolled studies also supports the use 
of sclerotherapy in managing acute variceal bleeding. One 


or two emergency injection treatments during a single 
hospital admission will control active variceal bleeding in 
more than 90% of patients.” The five to ten percent of 
failures pose a problem. Here balloon-tube tamponade is 
advocated and the patient should then proceed to more 
definitive emergency major surgery. Patients who require 
more than two injection treatments during a single hos- 
pital admission for acute variceal bleeding control have 
been shown to have a prohibitively high mortality.'° Such 
patients require one of the more major surgical proce- 
dures. 

Patients who have had a variceal bleed are frequently 
treated by repeated sclerotherapy to prevent recurrent 
bleeds. Repeated injection sclerotherapy has been shown 
to eradicate varices and to diminish or prevent subsequent 
variceal bleeds, particularly after varices have been erad- 
icated. Several injection treatments are required to achieve 
eradication.’ Controlled trials of intravariceal injections 
have shown that sclerotherapy treatments should be per- 
formed at least weekly rather than at longer intervals’*”° 
until eradication is achieved. However, it is doubtful if 
survival is prolonged by repeated injection sclerotherapy. 
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FIGS. 7A and B. Sclerotherapy. (A) Paravariceal sclerotherapy; (B) combined paravariceal and intravariceal sclerotherapy. 


Of the five completed randomized controlled clinical trials 
comparing sclerotherapy with conservative medical man- 
agement,’ only one*’ demonstrated a clearcut im- 
provement in survival. A survival advantage must there- 
fore remain in question, particularly in alcoholic cirrhotic 
patients. Thus although sclerotherapy provides a valuable 
alternative form of management for patients who have 
previously had a bleed from varices, there are complica- 
tions. Lifelong follow-up is required with repeated injec- 
tions, and varices recur in time. In the Cape Town ex- 
perience, varices have been shown to recur at a mean 
time of between one and two years after eradication. 
Complications, although unusual,’° are cumulative with 
time. The Cape Town group advocate weekly injections 
until the varices have been eradicated. Thereafter the first 
follow-up is at three months and subsequently at six to 
twelve monthly intervals. Whenever varices are diagnosed 


on endoscopy they are re-eradicated using the same pro- 
tocol. 

In using sclerotherapy for long-term management there 
is increasing evidence to suggest that those patients in 
whom varices are difficult to eradicate, or those patients 
who have repeated bleeds during the course of eradication, 
should be seriously considered for one of the alternative 
major forms of surgery at an early stage. In Warren’s study, 
sclerotherapy was combined with shunting for the failures 
of sclerotherapy and this combined modality of treatment 
was shown to be superior to selective splenorenal shunting 
alone.” 

The use of sclerotherapy as a prophylactic measure to 
prevent the first variceal bleed has been extensively in- 
vestigated in controlled trials. Four major trials from 
Germany produced conflicting results.””-8° Two recent 
North American studies that failed to show an advantage 
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for prophylactic sclerotherapy®'** have led to acceptance 
that prophylactic sclerotherapy is unjustified outside of 
controlled trials at present. A detailed analysis of the role 
of prophylactic sclerotherapy has appeared in a recent 
editorial.’ 

Injection sclerotherapy is the most widely used and 
probably the most successful therapy for acute variceal 
bleeding. However, the sclerotherapy failures should be 
identified early and treated by a more major surgical pro- 
cedure. Sclerotherapy’s role in long-term management 
after a variceal bleed remains under evaluation. It is the 
author’s preferred therapy for the majority of patients, 
but both portosystemic shunts and devascularization and 
transection operations are acceptable alternative proce- 
dures. Prophylactic sclerotherapy is unjustified on cur- 
rently available data. 


Other Techniques 
Older Techniques 


A number of older techniques, including resection of 
the stomach and esophagus, under-running of varices us- 
ing a direct suture technique, partial transection of the 
esophagus, and percutaneous transhepatic obliteration of 
varices®™ have been abandoned. History records that some 
of the great names of surgery were linked to operative 
procedures previously used in patients with portal hyper- 
tension. 


New Procedures 


Both laser coagulation, and electrocautery have been 
tested in small numbers of patients with esophageal var- 
ices. Neither has been widely accepted. A technique using 
elastic banding similar to that used for hemorrhoids has 
been described recently.** Although the results are en- 
couraging the technique remains to be evaluated in other 
centers. 


Pharmacological Therapy 


The role of drug therapy in acute variceal bleeding re- 
mains controversial. This has been addressed in detail in 
a recent editorial.®° A continuous infusion of vasopressin 
with or without added nitroglycerin is recommended by 
the author’s group. The place of the synthetic analogue 
of vasopressin, glypressin, and of the inhibitory hormone 
somatostatin, has yet to be finally established. All of these 
agents are presumed to act by lowering portal pressure 
thereby assisting in controlling active variceal bleeding. 
An alternative approach whereby lower esophageal 
sphincter pressure is raised has been suggested,*° and is 
under evaluation. 

One study has shown a significant reduction in early 
recurrent rebleeding when propranolol was administered 
for fourteen days commencing 24 hours after the initial 
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variceal bleed had been controlled.*’ This could have im- 
portant implications because early rebleeding is associated 
with high mortality and because prolonged propranolol 
therapy has its own problems. Further trials are required. 

The use of pharmacological therapy in long-term man- 
agement remains highly controversial. Agents that raise 
lower esophageal sphincter pressure still have to be eval- 
uated. Emphasis has been placed on agents that lower 
portal pressure, particularly beta blocking agents. Early 
results were conflicting but more recent trials have pro- 
duced some support for the use of beta blockade.***? 
Nevertheless the controversy continues and caution 
should be observed before beta blocking agents are pre- 
scribed particularly in high-risk cirrhotic patients. The 
author believes that their use should be restricted to major 
institutions with a special interest in portal hypertension 
until more trials have provided greater clarity. 

All forms of prophylactic therapy aimed at preventing 
the first variceal bleed are unproved. This includes the 
use of pharmacological therapy such as beta blockade. 
Note that although the three published trials have dem- 
onstrated dimished first bleed rates, only one trial showed 
improved survival.’ Prophylactic drug therapy remains 
unjustified outside of controlled trials. 


Liver Transplantation 


Hepatic transplantation is the only therapy that can 
cure both the portal hypertension and the underlying liver 
disease. The improved results of hepatic transplanta- 
tion’?! have led to the commencement of a number of 
new transplant programs with increasing numbers of pa- 
tients being treated definitively. It is the treatment of 
choice for patients who are otherwise fit and who have 
end-stage liver disease. Such patients frequently present 
with variceal bleeding. 

The management of variceal bleeding in a patient who 
is a potential transplant recipient is important. The first 
aim is to keep the patient alive until a suitable donor is 
available. It is also important to use a form of therapy 
that will not interfere with the subsequent transplant. For 
this reason most studies advocate sclerotherapy as the 
treatment of choice. Where sclerotherapy fails, major sur- 
gery in and around the porta hepatis, particularly porta- 
caval shunts, should be avoided because this makes the 
transplant procedure more difficult and potentially more 
hazardous. We advocate simple staple-gun esophageal 
transection for sclerotherapy failures in possible transplant 
recipients. 


Management of Specific Conditions 
Acute Variceal Bleed Management 


Patients with suspected acute variceal bleeding must 
be admitted to the hospital, preferably to an intensive 
care unit, and resuscitated. The author believes that such 
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patients are better cared for in a specialist center because 
more than one form of complex therapy may be required. 
The diagnosis of a variceal bleed must be confirmed by 
emergency diagnostic fiberoptic endoscopy because many 
patients with suspected esophageal variceal bleeding will 
either not have varices at all or will be bleeding from a 
lesion other than their varices. The role of pharmacological 
therapy in controlling acute variceal bleeding remains 
unproved. Unless contraindicated, the author advocates 
the use of a continuous infusion of vasopressin, at 0.4 
units per minute, with the addition of sublingual nitro- 
glycerin, one tablet each hour for six hours. The nitro- 
glycerin reputedly reduces the side effects of the vaso- 
pressin while potentiating its hemodynamic effects in the 
portal bed.%” 

A correctly used balloon tube will achieve tamponade 
and control active variceal bleeding temporarily in most 
patients.’*°** Unfortunately the rebleed rate is high on 
removal of the tube, as is the subsequent mortality rate. 
Because the use of the balloon tube is associated with 
complications, it should only be used when required to 
control active variceal bleeding. Once a balloon tube has 
been inserted the patient requires subsequent additional 
therapy to prevent recurrent bleeding. Such therapy must 
be performed early within 6 to 12 hours to prevent local 
complications from the balloon tube. 

The mainstay of subsequent emergency therapy is 
sclerotherapy although both shunts and devascularization 
and transection operations are playing a greater role in 
management today. The three published controlled 
trials,’°-’? as well as considerable data from uncontrolled 
studies, show that sclerotherapy controls acute variceal 
bleeding in 90% to 95% of patients. Sclerotherapy is used 
increasingly at the time of the initial emergency endos- 
copy, but this requires a high degree of skill and expertise. 

The use of an emergency portosystemic shunt or simple 
staple-gun transection as an alternative to sclerotherapy 
is under evaluation. The evidence favoring major surgery 
in at least some categories of patients is presented earlier. 
Sclerotherapy failures are defined as those patients in 
whom bleeding recurs after two emergency injection 
treatments. Such patients should be controlled again with 
balloon tamponade and subjected to a shunt or a tran- 
section as a matter of urgency. The author predicts that 
emergency shunts or emergency transection procedures 
will be performed more frequently in future in managing 
severe acute variceal bleeding. 


Long-Term Management 


Repeated sclerotherapy remains the most widely used 
treatment for patients who have previously bled from 
esophageal varices. Whether one or other form of shunt 
or a devascularization or transection operation is pref- 
erable is under review with major surgery gaining popu- 
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larity once again. Trials currently in progress should help, 
although published trials have provided conflicting data. 
The problem is that varices recur in time after sclero- 
therapy and that patients continue to bleed until their 
varices have been eradicated. Furthermore, variceal erad- 
ication has proved difficult in some patients. The author’s 
group recommend that patients who have repeated bleeds 
or patients in whom varices are difficult to eradicate should 
be defined as failures of sclerotherapy and be treated by 
one of the major surgical procedures at an early stage. In 
nonalcoholic cirrhotic patients the selective distal sple- 
norenal shunt is the most widely used procedure, although 
devascularization and transection may be as effective. The 
management decision in an alcoholic cirrhotic patient is 
more difficult. The author currently recommends an ex- 
tensive transabdominal esophagogastric devascularization 
with staple-gun transection of the lower esophagus in al- 
coholic patients who are fit enough for an abdominal op- 
eration. Unfit patients are subjected to sclerotherapy. 
Certain high-risk patients, particularly those with end- 
stage alcoholic cirrhosis, should have no therapy at all. 
All patients who are otherwise fit and have end-stage liver 
disease should be evaluated as candidates for hepatic 
transplantation. Transplantation is the only treatment that 
cures both the underlying liver disease and the portal hy- 
pertension. 


Prophylactic Management 


Prophylaxis means treatment of a patient with portal 
hypertension who has not yet bled from his or her esoph- 
ageal varices. The aim is to prevent the first variceal bleed. 
In the author’s view all forms of prophylactic therapy are 
unjustified at present. Because of our inability to predict 
the chance of bleeding in an individual patient,”~'! this is 
particularly true for major surgical procedures but also 
applies to sclerotherapy. In more recent trials sclerother- 
apy has been associated with a higher mortality than oc- 
curred with conservative observation. Long-term phar- 
macological therapy is also under review. Although beta 
blockade has been the most widely tested, the current 
results do not support its use outside of controlled trials. 


Management of Other Causes of Variceal Bleeding 


Schistosomiasis 


Schistosomiasis is the most common cause of portal 
hypertension. Although the condition is rare in North 
America, it should be remembered that the prognosis is 
usually good with correct treatment. The acceptable op- 
tions for treating hepatic schistosomiasis in patients with 
portal hypertension are an extensive esophagogastric de- 
vascularization operation with splenectomy, or a distal 
splenorenal shunt.” 
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Budd-Chiari Syndrome 


The prognosis in patients presenting with the Budd- 
Chiari syndrome is variable. The outcome depends on 
the underlying cause of the hepatic vein block as well as 
the acuteness of presentation and the patient’s prior man- 
agement. Some patients with mild Budd-Chiari syndrome 
survive for prolonged periods without obvious adverse 
affects. Variceal bleeding may be controlled with sclero- 
therapy in such patients. On the other hand, patients with 
rapidly deteriorating liver function, particularly when the 
onset is acute, require either an urgent liver transplant or 
some form of specific shunt.”©”’ The author’s group favour 
a side-to-side portacaval shunt when the inferior vena cava 
is patent. When the vena cava is either occluded or mark- 
edly narrowed, a mesoatrial shunt with a reinforced PTFE 
graft is indicated.” Long-term success has been reported 
and this has also been the experience of the author’s group. 


Portal Vein Obstruction 


The prognosis for patients with primary extrahepatic 
portal vein obstruction is usually excellent with long-term 
survival regardless of the form of therapy used. On the 
other hand, patients who develop portal vein thrombosis 
secondary to underlying liver cirrhosis usually have a poor 
prognosis. The Cape Town group have documented that 
primary extrahepatic portal vein obstruction in adults can 
be treated very successfully with repeated sclerotherapy.”® 
The same applies to children, in whom sclerotherapy is 
currently the most widely used management.!'*”? The 
problem with shunting in small children has been throm- 
bosis of the shunts, although this is disputed by at least 
one specialized center in France.'® 


Noncirrhotic Portal Fibrosis 


This condition is rare in North America and Europe 
but is one of the commonest causes of portal hypertension 
and bleeding of esophageal varices in India and Japan. 
Most patients have a good prognosis. Interestingly these 
patients fare poorly with total portacaval shunting.*’ They 
respond well to both major nondecompressive surgery”? 
and sclerotherapy.” 


Gastric Lesions in Portal Hypertension 


Portal hypertensive gastropathy and the specific gastric 
mucosal lesions of portal hypertension appear to have 
been underdiagnosed in the past.'°°-'°* Fortunately both 
gastritis in patients with portal hypertension and the spe- 
cific condition of portal hypertensive gastropathy can 
usually be successfully treated by simple conservative 
measures. In those patients who develop persistent bleed- 
ing from the gastric mucosa, current evidence suggests 
that a portacaval shunt is the definitive treatment, al- 
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though the role of beta blockade still remains to be eval- 
uated. 

Gastric varices associated with esophageal varices are 
usually a direct continuation of the esophageal varices.” 
In the Cape Town experience they usually disappeared 
after successful eradication of esophageal varices by 
sclerotherapy." With increasing experience various groups 
have noted gastric varices that bleed after successful 
sclerotherapy or esophageal transection. These patients 
are difficult to treat and the best management has yet to 
be defined. The author’s group attempts sclerotherapy first 
and if this fails resorts to either a portosystemic shunt or 
a devascularization operation. 

Segmental portal hypertension caused by splenic vein 
thrombosis causes isolated gastric varices. This is a rare 
condition. It may occur in association with pancreatic 
carcinoma when specific management becomes irrelevant. 
However, in the idiopathic cases and when it occurs after 
splenic trauma, the condition can be cured by gastric de- 
vascularization and splenectomy. Gastric devasculari- 
zation alone may be sufficient but has not been reported. 
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Microgastrinomas of the Duodenum 
A Cause of Failed Operations for the Zollinger-Ellison Syndrome 





NORMAN W. THOMPSON, M.D.,* ARTHUR I. VINIK, M.D.,t and FREDERIC E. ECKHAUSER, M.D.+ 


Gastrinomas are now being detected at an earlier stage than was 
formerly the case. Furthermore, with the ability to control acid 
secretion, emphasis has been placed on identifying gastrinoma 
patients who are potentially curable by tumor resection rather 
than by palliative gastrectomy. Despites estimates suggesting 
that 20-40% of sporadic gastrinoma patients can be successfully 
resected for cure, as many as 40% of such patients have occult 
tumors that elude detection. In an effort to better localize gas- 
trinomas, we have used percutaneous transhepatic venous 
(THVS) gastrin sampling over the past 10 years. From 1978 to 
1988, THVS was used in 46 patients in whom there was no other 
evidence of metastatic gastrinoma by conventional studies. Gas- 
trinomas were found at operation in all but one patient. The 
purpose of this report is to emphasize that occult tumors are 
most often found in the duodenal wall, and frequently they may 
be no greater than 2 mm in diameter. Five recent cases illustrate 
that these small tumors or microgastrinomas may be the sole 
source of hypergastrinemia and can be cured by local excision. 
These recent cases emphasize that microgastrinomas are not 
usually palpable through the duodenal wall. They may be detected 
only after duodenotomy and meticulous evaluation of the mucosa 
by eversion and direct palpation. Duodenotomy and intraluminal 
exploration should be considered an essential component of the 
operation for patients with extrapancreatic gastrinomas. 


(ZES) can currently be made with confidence in 
the patient with hyperchlorhydria, hypergastrin- 
_ emia, and a positive response to secretin stimulation.!” 
As a result, gastrinomas are now being discovered at an 
earlier stage and more often in patients presenting with 
conventional peptic ulcer disease or with diarrhea as a 
sole complaint.*? In the past, it was assumed that most 
patients with gastrinomas had metastases that prevented 
curative surgical resection. As a result, nearly all patients 
were treated by total gastrectomy with the exception of a 
few patients with primary extrapancreatic lesions.7*”° Be- 
fore the introduction of H, receptor antagonists to control 


A HE DIAGNOSIS of the Zollinger-Ellison Syndrome 


Reprint requests and correspondence: Norman W. Thompson, M.D., 
Professor of Surgery, University of Michigan, Taubman Health Center 
2920-D, Ann Arbor, MI 48109. 

Submitted for publication: June 29, 1988. 


From the Division of Endocrine Surgery,* the Gastointestinal 
Endocrine Laboratory, t and the Division of Gastrointestinal 
Surgery, the University of Michigan, Ann Arbor, Michigan 


acid secretion, procedures less than total gastrectomy in- 
variably resulted in significant complications from per- 
sistent ulcer disease. However, with the recent ability to 
control acid secretion through the use of these drugs, em- 
phasis has been placed on identifying gastrinoma patients 
who are potentially curable by tumor resection. !4 1576-28 
It is currently estimated that between 20% and 40% of 
sporadic gastrinoma patients can be treated successfully 
by tumor resection without the necessity of either gastric 
resection or life-long drug therapy.'*!>'°?° In order for 
this goal to be achieved, the tumor must be found at op- 
eration. Unfortunately, as many as 40% of patients who 
undergo surgical exploration have had occult tu- 
mors. !4:!5.20.21,23,29-36 Such patients have usually continued 
to receive drug therapy or have undergone palliative sur- 
gical procedures such as selective vagotomy or total gas- 
trectomy. 

As a result of failed operations, preoperative tumor lo- 
calization has assumed an increasingly important role. 
Computed tomography (CT) scanning has been used for 
initial patient screening because of its sensitivity in de- 
tecting hepatic metastases. Selective visceral arteriography 
has been used in patients with negative CT scans. In some 
cases, it has identified the primary pancreatic tumor or 
small metastases in the liver. Unfortunately, neither study 
is sensitive enough to show tumors smaller than 1.5 cm 
in diameter. Since 1979, we have used percutaneous 
transhepatic pancreatic and hepatic venous sampling 
(THVS) and a technique for measuring gastrin levels in 
all patients without evidence of metastatic disease deter- 
mined by other studies.** This technique has proved useful 
for localizing occult tumors. As a result, intraoperative 
exploration has been performed with a reasonable expec- 
tation that the tumor will be found. Since using THVS 
in 46 patients, we have found a gastrinoma in all but 
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TABLE 1. Duodenal Microgastrinomas 
Age at Years of 
Diagnosis having No. of Previous 
Patient No. (years) Symptoms Symptoms Gastric Operations Definitive Gastrinoma Operations 
l 68 38 Melena, epigastric pain, 4 January 1986 
weight loss (at ages 39-65 years) Excision of gastrinoma, lymph node negative 
2 51 20 Intermittent diarrhea for None October 1986 
20 years, epigastric Duodenotomy, excision of gastrinoma, and 
pain and vomiting for one metastatic lymph node 
2 years 
3 45 6 Epigastric pain, melena, None October 1986 
major G.I. Antrectomy, proximal duodenectomy, 
hemorrhages Billroth I, and vagotomy, lymph node 
negative 
4 52 9 Epigastric pain, l June 1987 
diarrhea, vomiting (at age 45 years) Excision of gastrinoma, conversion of H-M 
pyloroplasty to Jaboulay, lymph node 
negative 
5 56 16 Epigastric pain, l August 1987 
heartburn (at age 54 years) Excision of gastrinoma, one metastatic 
lymph node 


one.'* The exception was a patient who had perforated a 
large duodenal ulcer the day before a planned surgical 
exploration. 

The purpose of this report is to emphasize that occult 
tumors are most often found in the wall of the duodenum 
and may be as small as 2 mm in diameter. Despite their 
small size, these tumors may be the sole source of hyper- 
gastrinemia and may be curable by local excision. Fur- 
thermore, these microadenomas may not be palpable 
through the bowel wall, and may be found and visualized 
only after a duodenotomy and meticulous evaluation of 
the mucosa by eversion and direct palpation. Preoperative 
THVS directs attention to the duodenum as a source of 
hypergastrinemia in these cases. Four recent patients with 
the ZES caused by primary duodenal gastrinomas that 
were 2.5 mm in diameter or smaller form the basis of this 
report. A fifth patient is included because it is likely that 
a small primary tumor in the resected duodenal bulb or 
pyloric region was overlooked by routine pathologic sec- 
tioning. This patient presented with an acutely perforated 


ulcer and was cured by proximal duodenectomy and an- 
trectomy. 


Case Studies 


Case 1. One of the natients studied was a 68-year-old white man in 
whom peptic ulcer symptoms first developed when he was 30 years old. 
Because of an exacerbation of pain and bleeding, he underwent a subtotal 
gastrectomy without vagotomy 9 years later (Table 1). Within 6 months, 
recurrent symptoms and massive upper gastrointestinal hemorrhage de- 
veloped. He was underwent re-exploration, and truncal vagotomy was 
performed. During the next 22 years, he had intermittent epigastric pain 
treated with anticholinergic drugs. When he was 62 years of age, he 
developed diarrhea and experienced a 16 kilo weight loss. He was found 
to have a gastrojejunocolic fistula, which was resected. Six years later, a 
second gastrojejunocolic fistula was diagnosed and resected. He was 
treated with cimetidine for 2 years and developed symptoms of ulcer 
recurrence. Serum gastrin at that time was 982 pg/ml. Two secretin 
stimulation studies (Table 2) were clearly positive. Because of the patient’s 
reluctance to undergo further surgery, he was treated vigorously with H2 
blockers for an additional year. He ultimately consented to undergo 
reoperation. Before the operation, a CT scan and angiogram of the liver 
were normal. THVS localized a gastrin-secreting source in the region of 
the head of the pancreas or duodenum (Table 3). 


TABLE 2. Gastrin and Acid Studies in Duodenal Gastrinomas 


Basal Preoperative Secretin Postoperative Postoperative Secretin 
Patient Gastrin BAO Test Maximum Rise Basal Gastrin Test Maximum 
No. pg/ml* mEgq/hour pg/mlt pg/ml pg/ml 
l 564-982 8 788 47-64 22 
1800 
2 478-850 19 320 58-107 3 mos. po 55 
17 mos. po 21 
3 400-2339 23 599 34-108 — 
1731 
4 339-438 15 160 106 — 
434 
5 390-500 7.6 590 27 — 


* Normal < 150 pg/ml. 


t Positive if rise > 100 pg/ml. 
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TABLE 3. Duodenal Microgastrinomas: Localization and Operative Findings 


Patient Selective Size of Immunohisto 
No. Angio CT THVS Gastrinoma Location Lymph Node Pathology* 
l Neg Neg Head of pancreas 2 mm Posterior wall, 2nd 6 neg gastrin 
or duodenum part of ++++ 
duodenum NSE 
E a a a 
chromogranin 
++++ 
2 Neg Neg Head of pancreas 2 mm Anterior wall, 1 + (3 mm) gastrin 
or duodenum junction 2nd & postpancreatic ++++ 
3rd portions head NSE 
duodenum ++++ 
chromogranin 
+++ 
serotonin 
+4 
PP 
= 
3 Neg Neg Head of pancreas Ist part of 19 neg 
or duodenum duodenum 
4 Neg Neg 3rd part of 2.5 mm 3rd part of 6 neg gastrin 
duodenum or duodenum, ++++ 
extra-pancreatic anterior wall NSE 
++++4+ 
chromogranin 
+444 
serotonin 
+ 
5 Neg Neg Head of pancreas 2.5 mm 2nd part of 1 + (2 cm) 
or duodenum duodenum, postpancreatic 
anterior wall head 


* All negative for insulin, somatostatin, glucagon, and VIP. NSE = neuron-specific enolase. 


During surgical exploration, the pancreas was mobilized and considered 
normal, as was the duodenum and all peripancreatic lymph nodes. Only 
after a duodenotomy through the anterior second portion of the duo- 
denum was a 2-mm submucosal nodule identifed and locally excised. 
Frozen section confirmed its endocrine characteristics and immunohis- 
tology was positive for gastrin, chromogranin, and neuron-specific enolase 
(Figs. 1A and B). Four periduodenal lymph nodes were negative for 
metastases. 

Serum gastrins obtained | week, 2 months, and 2 years after operation 
were normal and showed no response to secretin. The patient has re- 
mained asymptomatic and has required no medications since his oper- 
ation 2 years ago. 

Case 2. A 51-year-old white woman presented with a 20-year history 
of episodic vomiting and diarrhea, as well as the recent onset of epigastric 
pain. Endoscopy showed duodenal ulcers and gastritis. Serum gastrin 
was 478 pg/ml. Symptoms persisted despite H2 blocker therapy. Repeat 
serum gastrin was 850 pg/ml, basal acid output (BAO) was 18.9 mEq/ 
hour, and a secretin study was positive. The patient was administered 
intensive antiacid treatment including 400 mg of cimetidine every 4 
hours. Abdominal CT scan and selective visceral angiogram failed to 
show any tumor in the liver or pancreas. THVS localized a source of 
gastrin hypersecretion in the region of the pancreatic head or duodenum. 
At surgical exploration, the liver, pancreas and duodenum were consid- 
ered normal. Biopsy of peripancreatic lymph nodes revealed no tumor. 
After vertical duodenotomy, no tumor was initially seen or palpated. 
However, the lesion was discovered after eversion and direct inspection 
of the distal duodenal mucosa (Fig. 2A). A 2-mm submucosal nodule 
in the anterior duodenal wall at the junction of the second and third 
portions of the duodenum was identified and locally excised (Fig. 2B). 
Frozen section confirmed a neuroendocrine tumor. A 3-mm lymph node 
located posteriorly on the pancreatic head was excised and found to 


contain metastatic gastrinoma (Figs. 2C and 3). Immunohistochemical 
study of her tumor was positive for gastrin, serotonin, chromogranin, 
and neuron-specific enolase. There was focal staining for pancreatic 
polypeptide but not for insulin, somatostatin, glucagon, or with VIP. 

Serum gastrin obtained | week after operation was 47 pg/ml. A secretin- 
stimulated gastrin study done | month later was negative. The patient 
has since had no symptoms of recurrent peptic ulcer disease, and her 
serum gastrin levels have remained normal. 

Case 3. A 51-year-old white man presented with a 5-year history of a 
duodenal ulcer that was confirmed with UGI and endoscopy. The UGI 
series showed hyperplastic rugal folds in the stomach suggesting ZES. 
Fasting serum gastrin was 400 pg/ml. Over the next 2 years, he was 
treated with cimetidine and antacids. He had intermittent symptoms 
despite medical therapy and was hospitalized 2 years later. Serum gastrin 
level at this time was 2096 pg/ml. Further diagnosis studies including a 
BAO, maximal acid output (MAO), and secretin stimulation confirmed 
the diagnosis of ZES. A selective visceral angiogram was normal. THVS 
demonstrated an elevated gastrin level at the junction of the superior 
mesenteric and splenic veins suggesting a gastrinoma near the head os 
the pancreas. Three years later, he presented with gastrointestinal (G.I.) 
bleeding and required blood transfusion. Endoscopy showed multiple 
duodenal! ulcers. One month later he noted intense epigastric pain. Sur- 
gical exploration showed a 3-cm perforated anterior duodenal ulcer cov- 
ered with omentum (Fig. 4A). The pancreas and liver were normal. The 
second and third portions of the duodenum were carefully explored by 
direct inspection and eversion of the mucosa after a longitudinal duo- 
denotomy (Fig. 4B). The bulb of the duodenum and antrum were resected 
and a modified Billroth I procedure and bilateral truncal vagotomy were 
performed (Fig. 4C). No tumor was identified in the resected specimen 
or in 19 lymph nodes. The patient’s postoperative course was uneventful, 
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Fics. 1A and B. Case 1. (A) 
Microscopic section show- 
ing submucosal duodenal 
gastrinoma and hyperplastic A 
area of Brunner’s glands. 

The entire nodule was 2 
mm in diameter (H and E 
stain; original magnification 
X100). (B) Microscopic sec- 
tion showing typical neu- 
roendocrine tumor cells and 
in lower portion of field, 
Brunner’s glands (H and E 
stain; orignial magnification 
x400). 


and he was discharged on the eighth postoperative day, eating a general 
diet. 

During the past 17 months, the patient has had no symptoms of re- 
current peptic ulcer disease. His serum gastrin level 48 hours after op- 
eration was 36 pg/ml and has remained normal during the subsequent 
8 months. A secretin stimulated gastrin study performed 10 months later 
was negative. 

This patient had conclusive biochemical and clinical evidence of ZES. 
His postoperative course suggests complete tumor excision. Whether the 
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gastrinoma was missed by the pathologic examination of the duodenum 
and antrum cannot be determined. It is our opinion that a microgastri- 
noma of the duodenal bulb or antrum was missed by standard pathologic 
study. Unfortunately, the specimen was discarded 3 months after op- 
eration so that further sampling could not be performed. 

Case 4. A 52-year-old white man presented with a 9-year history of 
peptic ulcer disease. He initially did well with conservative treatment 
but recurrent symptoms developed within 6 months. Endoscopy revealed 
a large duodenal ulcer. Two years later, he underwent a truncal vagotomy 
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and pyloroplasty. Over the ensuing 7 years, he experienced intermittent 
vomiting and epigastric pain. Repeat endoscopies showed scarring of the 
duodenum and active ulceration. He was treated with H2 blockers, ant- 





Fics, 2A-C. Case 2. (A) Duodenotomy, location of 2-mm gastrinomas 
in anterior duodenal wall, excision of small lymph node on pancreatic 
capsule. (B) Local excision of duodenal gastrinoma and mucosal closure. 
(C) Location of only involved node (posterior peripancreatic) with foci 
of metastatic gastrinoma. 


acids, and restricted diet. Seven years later, an elevated serum gastrin of 
409 pg/ml was demonstrated. Because of a suspected ZES, he underwent 
additional studies. A UGI series revealed hypertrophic gastric and duo- 


Fic. 3. Case 2. Microscopic 
section through normal-sized 
lymph node showing foci of 
metastatic gastrinoma sur- 
rounded by lymphoid tissue 
(H and E stain; original mag- 
nification X400). 
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FIGS. 4A-C. Case 3. (A) Location of perforated duodenal ulcer and sur- 
rounding inflammation. Duodenotomy extended distally from the per- 
foration. No tumor was palpable. (B) Duodenotomy and extent of re- 
section of proximal duodenum and antrum. The entire ulcer and bulb 
were excised. (C) Extent of resection. Bilateral truncal vagotomy was 
also performed because no definite gastrinoma was found. (D) Completed 
operation showing extended gastroduodenostomy. 


denal folds highly suggestive of the ZES and a severely scarred duodenal 
bulb. His basal serum gastrin level ranged between 266 and 339 pg/ml 
with a positive response to secretin-stimulation, and selective visceral 
angiograms were negative. THVS indicated a gastrin gradient at the level 
of the first jejunal branch of the superior mesenteric vein suggesting an 
extra pancreatic gastrinoma or duodenal tumor. At surgical exploration, 
no abnormalities were found except for scarring in the region of the 
previous pyloroplasty. A duodenotomy was performed, but initially no 
lesion was visualized or palpated. 

After the third portion of the duodenum was everted into the duo- 
denotomy, a 2.5-mm submucosal nodule was detected and locally excised 
(Figs. 5A-C). Biopsies of surrounding peripancreatic and the hepatic 
hilar lymph nodes were negative for metastatic gastrinoma. A Jaboulay 
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pyloroplasty was performed. Peripancreatic, duodenal, and hepatic hilar 
lymph nodes that were taken during operation were all negative for met- 
astatic gastrinoma. Immunohistochemical study of the tumor was positive 
for gastrin, neuron-specific enolase, chromogranin, and serotonin (Figs. 
6A and B). Studies were negative for pancreatic polypeptide, insulin, 
somatostatin, glucagon, and VIP. The patient’s postoperative serum gas- 
trin level was 107 pg/ml. A secretin-stimulated gastrin study was negative 
for gastrinoma. 

Case 5. A 56-year-old black man first presented with a | 6-year history 
of intermittent epigastric pain and heartburn. His symptoms were in- 
termittent and usually occurred when he had discontinued using antacids 
and/or cimetidine. In 1985 he underwent emergency pylorplasty without 
vagotomy for a perforated duodenal ulcer. He was well for | year, but 
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developed increasing epigastric pain. Endoscopy showed severe gastro- 
duodenitis and an active ulcer. He was treated intensively in the hospital 
with medical therapy and improved. Abdominal CT scan was normal. 
A basal gastrin level obtained 6 months later was 500 pg/ml with a 
positive response to secretin stimulation. Because of continuing symp- 
toms, selective pancreatic and hepatic angiography were performed 5 
months later. These studies were normal. A THVS study demonstrated 
positive gastrin gradients in the proximal portal vein and the superior 
mesenteric vein near its confluence with the splenic vein indicating a 
possible lesion in the head of the pancreas or duodenum. 

Surgical exploration revealed a previous pyloroplasty with surrounding 
adhesions but no palpable abnormalities in the liver or peripancreatic 
lymph nodes. After mobilization of the pancreatic head and duodenum, 
a 2-cm encapsulated nodule was felt and seen on the posterior surface 
of the pancreas and was excised. Frozen section showed metastatic gas- 
trinoma within a lymph node. The remainder of the surgical exploration 
was normal. A longitudinal duodenotomy was performed in the second 
part of the duodenum. With careful digital palpation and eversion of 
the mucosa, a 2-mm tumor was located in the submucosa of the anterior 
wall of the duodenum. This was locally excised and confirmed by frozen 
section as a primary neuroendocrine tumor. His postoperative course 
was uneventful. Serum gastrin obtained | week after operation was 27 
pg/ml. A secretin stimulated gastrin study was normal. 


Discussion 


There are many controversies concerning the operative 
management of patients with ZES. However, there is gen- 
eral concurrence that patients with sporadic disease and 
no evidence of metastases should undergo surgical explo- 
ration in an effort to locate and excise a localized gastri- 
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Fis. 5A-C. Case 4. (A) Location of 2.5-mm gastrinoma in third portion 
of duodenum. Selective venous sampling for gastrin had shown peak 
level from first jejunal venous branch of superior mesenteric vein. (B) 
Digital eversion of the third part of duodenum into the duodenotomy, 
where the gastrinoma could then be seen and palpated. (C) Extent of 
the excision of the gastrinoma and the closure. 


noma.??!:23:33-36 Many of these tumors are small at the 
time of operation. To prevent recurrence of symptoms, 
total gastrectomy or lesser ulcer procedure has been re- 
quired in these patients.” ! 11315-1728 

Despite the fact that some investigators have questioned 
the efficacy of selective venous sampling for gastrin, our 
experience has been favorable.*:'*°**° As a result, we have 
placed great emphasis on the sampling technique and in- 
terpretation of positive gastrin gradients, comparing ve- 
nous gastrin levels with arterial levels obtained simulta- 
neously.*° 

Using this information, we have been able to identify 
specific tumors at operation in all but one ZES patient 
surgically explored since 1979. In each case, the gastri- 
noma was found in an area corresponding to the region 
where a high level of gastrin was determined before op- 
eration. Perhaps the major reason for missing these tumors 
is their small size. In each of the cases reported herein, 
there was no tumor palpable despite complete mobiliza- 
tion of the duodenum and pancreas. It is our conviction 
that any exploration is incomplete without duodenotomy 
and careful evaluation of the mucosa both by palpation 
and direct inspection. Eversion of the mucosa allows both 
visualization and gentle palpation and is critical for iden- 
tifying minute tumors. Two of our four patients with 
proven tumors apparently had benign gastrinomas. How- 
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FIGs. 6A and B. Case 4. (A) 
Microscopic section of 2.5- 
mm gastrinoma immediately 
beneath the mucosa (original 
magnification X100). (B) 
Immunohistochemical 
staining for gastrin is positive 
throughout the tumor (orig- 
inal magnification X400). 


ever, the other two patients each had lymph node in- 
volvement, despite the fact that the primary tumors were 
only 2 mm in diameter. We believe that Patient 4 also 
had a small benign tumor either in the proximal duo- 
denum or antrum, which was excised at operation. Un- 
fortunately, routine pathologic sampling failed to identify 
its presence. Despite recutting the paraffin blocks, no tu- 
mor has been found. 
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It is our contention that previously reported patients 
with primary “lymph node gastrinomas” also had over- 
looked, primary tumors excised at a previous gastric op- 
eration. During the last 9 years, we have removed a single 
lymph node containing gastrinoma from three patients, 
all of whom had previously undergone a distal gastrectomy 
without identification of a primary tumor. Each patient 
is an apparent “cure.” A careful review of the literature 
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shows that all patients with reported primary “lymph node 
gastrinomas”’ likewise had a previous partial or total gas- 
trectomy,.? 82-1 !-12.15,16.18-20.29.30 Th each of these cases a pri- 
mary microgastrinoma could easily have been overlooked 
without careful sectioning of the entire specimen for mi- 
croscopic examination. Although all of our patients were 
treated by local tumor excision, without long-term follow- 
up, we will not know whether cure has been achieved. 

These observations are particularly pertinent to patients 
with malignant disease proven by lymph node involve- 
ment. Although we have considered performing pancre- 
aticoduodenectomy in such cases, the significant mortality 
and morbidity of the procedure in patients whose disease 
can be controlled with drug therapy is a major deterrent.”! 

There is increasing evidence that the biologic behavior 
of extra-pancreatic malignant gastrinomas may be more 
favorable than those arising in the pancreas.!°!*!?:7!,25.29 
Local excision of the primary tumor and any involved 
lymph nodes may be sufficient to “cure” these patients. 
The long-term follow-up of patients cured by excision of 
a single lymph node, often years after a gastrectomy, sup- 
ports this position. At the present time, Whipple resection 
does not seem justified in ZES patients with localized dis- 
ease when both the primary tumor and involved nodes 
can be excised with a lesser procedure. We have encoun- 
tered no significant complications using the previously 
described techniques for identifying and excising micro- 
gastrinomas of the duodenum. Even in the patients with 
malignant disease (Cases 2 and 5), serum gastrin levels 
have remained normal after operation. None of these five 
patients has required medication for peptic ulcer disease. 
These results are consistent with Oberhelman’s”’ conclu- 
sion after long-term follow-up of eleven patients with 
duodenal gastrinomas that “excisional therapy will control 
the ZES in the absence of distant metastases.” 
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Forty-eight patients with ductal cell carcinoma of the pancreas 
underwent total pancreatectomy. During 1970-1976, there were 
four deaths (a mortality of 18%). During the last twenty-eight 
operations (1977-1986), there were no hospital deaths. Seventeen 
per cent of the patients suffered intraoperative complications 
involving the mesenteric vessels. Twenty-seven per cent suffered 
postoperative complications. Twenty-five per cent of the patients 
left the hospital within 2 weeks, 50% left within 4 weeks, and 
another 25% remained in the hospital for longer than 4 weeks. 
Thirty-five per cent of the patients have returned to their pre- 
operative job or similar life activity. Another 35% were able to 
lead an active life but did not return to regular work, and 30% 
were to some degree incapacitated by their operative procedure 
and disease. Twenty-one per cent of the patients lived for 4 years, 
and 14% survived for 5 years. 


results with the Whipple procedure for ductal cell 

carcinoma of the head of the pancreas, it seemed 
clear that the survival rate was poor: there were no known 
survivors at 5 years after surgery. This dismal prognosis 
during the 1960s prompted some surgeons to suggest 
abandoning the Whipple procedure because of its oper- 
ative mortality rate and lack of long-term survivors.’ 

At that time, a review of the pathology of this disease 
was undertaken at the Brigham Hospital. As a result of 
that review, it became apparent that in approximately 
36% of the patients with carcinoma of the head of the 
pancreas, there was synchronous disease in the body and 
the tail. This finding emphasized the fact that a Whipple 
procedure failed to remove all of the malignancy in that 
one third of the patients whose disease was multifocal, 
and it was theorized that this contributed to the low sur- 
vival rate. Others have also reported multicentric dis- 
. ease.>* 


| N 1969, AFTER A REVIEW of the Brigham Hospital 
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In evaluating the Whipple procedure,*” it was also ap- 
parent that a significant number of patients developed 
pancreatic fistulae at the pancreaticojejunostomy anas- 
tomosis and that this was increasing the morbidity as well 
as the mortality of this operative procedure. 

The first report of total pancreatectomy for carcinoma 
of the pancreas was made in 1954 by Ross® and in 1958 
by Porter.’ However, in 1960, Howard and Jordan? re- 
ported the mortality of total pancreatectomy in a collected 
series to be 37%, and the procedure was given up, at that 
time, for cancer of the head of the pancreas. 

However, during the late 1960s and early 1970s, there 
was renewed enthusiasm for total pancreatectomy,*° again 
because of poor results from the Whipple procedure and 
because of the theoretical advantages noted above (i.e., 
complete removal of the gland and absence of a pancreatic 
anastomosis). Advances in anesthesia technique, intensive 
care monitoring, and blood banking suggested that the 
procedure need not carry the prohibitively high compli- 
cation rate noted by Howard and Jordan. 

Coincident with the revival of interest in total pancre- 
atectomy at the Brigham Hospital,*”'° others also began 
to investigate this operative procedure for ductal carci- 
noma of the head of the pancreas.?*!!-!? 

Since 1970, forty-eight patients have undergone total 
pancreatectomy at the Brigham Hospital for ductal cell 
carcinoma of the head of the pancreas. Another nine total 
pancreatectomies have been performed for other tumors 
or conditions of the pancreas (e.g., islet cell tumors, 
chronic pancreatitis). During these 16 years (1970-1986), 
the Whipple procedure has continued to be performed 
for tumors of the duodenum, common duct, and peri- 
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TABLE 1. Preoperative Findings: Carcinoma Pancreas 
Percentage 
Preoperative Findings of Patients 
Age 30-77 
Sex 
Male 60% 
Female 40% 
Diabetic 25% 
History of pancreatitis 11% 
Cholelithiasis 17% 
_ Palpable gallbladder 23% 
Ultrasonographic performed 70% 
CAT scan performed 67% 
Liver function tests 
LDH 130-406 IU/I 
SGOT 30-280 IU/I 
Alkaline phosphatase 130-1028 IU/I 
Bilirubin 3-22% mg 


ampullary region. From 1970 to 1982, no patients un- 
derwent a Whipple procedure for ductal cell carcinoma 
of the head of the pancreas. During the last 5 years, a few 
Whipple procedures have been performed for ductal cell 
tumors. Also during this 16-year period, approximately 
600 additional patients have undergone operations for 
tumors of the pancreas, at which time bypass procedures 
or simple biopsies were performed because of inoperability 
or unresectability. In this review, we report the results of 
total pancreatectomy for ductal cell carcinoma of the 
pancreas, with a follow-up ranging from 2.5 years to 16 
years. This study pertains only to patients with ductal cell 
carcinoma. 


Patient Material 


Sixty per cent of the patients who underwent total pan- 
createctomy were men, and 40% were women (Table 1). 
Patient age ranged from 30 to 70 years. Twenty-five per 
cent of the patients had preoperative diabetes. Of this 
group, six patients developed diabetes shortly before they 
were discovered to have a tumor of the pancreas. Sixteen 
per cent of the patients had gallstones. Eleven per cent 


TABLE 2. Vessel Anomalies 


No. of 

Vessel Anomalies Patients 
Replaced hepatic artery coming off the superior 

mesenteric artery 3 
Arcuate ligament obstruction of celiac axis with 

hepatic artery filling from gastroduodenal l 
Bifurcated hepatic artery l 
Celiac axis filling from superior mesenteric 

artery collaterals l 
Tumor encroachment producing displacement of 

gastroduodenal artery | 
Occlusion superior mesenteric vein l 
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had a history of pancreatitis. Weight loss was common 
among these patients. 

Sixteen per cent of the patients had previously under- 
gone operation elsewhere, at which time the tumor of the 
head of the pancreas was discovered and the patient was 
referred to the Brigham and Women’s Hosptial after either 
bypass or simple tumor biopsy. Seventeen per cent of the 
patients had had a previous cholecystectomy. 


Physical Examination and Patient Evaluation 


Ninety-five per cent of this patient group had visible 
jaundice, 23% had a palpable gallbladder, and 10% had 
a palpable mass in the epigastrium (Table 1). Chest x- 
rays were essentially normal in all patients. Liver function 
tests showed the bilirubin to range between 3 and 22 
mgm % alkaline phosphatase ranged between 136 and 
1028 IU/I; the lactic dehydrogenase (LDH) ranged be- 
tween 130 and 406 IU/l; and the serum glutamic oxalo- 
acetic transaminase (SGOT) ranged between 30 and 280 
IU/l. Ultrasonographic studies revealed a mass and/or di- 
lated common duct in 70% of the patients. Sixteen per 
cent of the patients did not have ultrasonographic studies 
performed, these patients having previously undergone 
operation elsewhere. A computerized axial tomography 
scan (CAT scan) was performed in 67% of the patients 
and showed a mass in 90%. Seven patients underwent 
endoscopic retrograde cholangiopancreatography (ERCP). 
Before the operation, angiography was performed in 
twenty-five patients, and anatomic vessel abnormality was 
noted in six (Table 2). These anomalies included: 1) a 
replaced hepatic artery coming off the superior mesenteric 
artery (in three patients), 2) arcuate ligament obstruction 
of the celiac axis with the hepatic artery filling from the 
gastroduodenal (in one patient), 3) a bifurcated hepatic 
artery (in one patient), 4) the celiac axis filling from su- 
perior mesenteric artery collaterals (in one patient), 5) 
tumor encroachment producing displacement of the gas- 
troduodenal artery (in one patient), and 6) occlusion of 
the superior mesenteric vein (in one patient). 

One patient underwent percutaneous biopsy of the tu- 
mor before operation. Three of the 48 patients underwent 
preoperative transhepatic common duct drainage. This 
procedure is no longer considered indicated. Although 
some surgeons disagree, preoperative transhepatic com- 
mon duct drainage appears to add little to the postoper- 
ative course of patients undergoing pancreatic resection; 
we, as well as others,'* believe that it delays the operative 
procedure and, in some instances, leads to cholangitis. 


Operative Procedure 


Preoperative cephalosporin antibiotic therapy was be- 
gun on the day of surgery and was continued, unless oth- 
erwise indicated, for the first 5 postoperative days. A 
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Fic. 1. Early stage in total pancreatectomy. (Reprinted with permission 
from The Atlas of Advanced Surgery, Yorke Medical Books.) 


transverse “rooftop” incision was used in all patients. On 
opening, the abdomen was surgically explored for gross 
liver or peritoneal metastases. The duodenum was Ko- 
cherized to evaluate the lower end of the portal vein, the 
lesser sac was entered, and the tumor was palpated. A 
Trucut needle biopsy of the tumor was obtained through 


FIG. 2. Postresection stage. (Reprinted with permission from The Atlas 
of Advanced Surgery, Yorke Medical Books.) 
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Fic. 3. Reconstruction stage. (Reprinted with permission from The Atlas 
of Advanced Surgery, Yorke Medical Books.) 


the duodenum, and sampling of lymph nodes was then 
performed in the celiac, superior mesenteric, and duo- 
denal areas, as well as along the course of the common 
bile duct. If the biopsy was positive and lymph nodes 
were all negative, then total pancreatic resection was ac- 
complished (Figs. 1-3). If a positive biopsy could not be 
obtained on two or three attempts, then resection was 
also accomplished if 1) the patient had significant jaun- 
dice, 2) the common duct was significantly dilated, 3) 
there were no gallstones, and 4) the patient was not al- 
coholic. In five cases, a positive biopsy could not be ob- 
tained before resection. In no instance was a pancreatec- 
tomy performed in which a malignant process was not 
found. After resection of the pancreas, spleen, duodenum, 
and antrum of the stomach, the jejunum was mobilized 
in retrocolic fashion, in most instances. Its end was turned 
in and an end-to-side choledochojejunostomy was per- 
formed. This anastomosis was stented with a rubber cath- 
eter that was brought out in Witzel fashion through the 
jejunum to the abdominal wall. A routine gastrojejunos- 
tomy was then performed. A gastrostomy was performed 
in 60% of the patients, and a vagotomy was performed 
in 57% of the patients; a cholecystectomy was performed 
in 53%, and a cholecystostomy was performed in 15%. 
No pylorus preservation was conducted. The operative 
time ranged between 6 and 10 hours, and the amount of 
blood given ranged from 4 to 17 units, with a mean of 6 
units. 


Intraoperative Complications 
Three patients had trauma to the superior mesenteric 
artery (Table 3). Two of these instances of trauma were 
vessel wall tears that were controlled by sutures; one in- 
volved reimplantation of the superior mesenteric artery 
into the aorta. 
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TABLE 3. Total Pancreatectomy For Pancreatic Carcinoma 
Intraoperative Complications (17%) 
Complications No. of Patients 
Suturable mesenteric artery tears 
Suturable mesenteric-portal vein tears 
Need for major vascular reconstruction 
Portal—superior mesenteric veins 
Hepatic—Celiac axis 


-VANN 


One patient had a vein patch graft repair to the hepatic 
artery performed while undergoing a Whipple procedure. 
He bled after the operation and required reoperation to 
control the bleeding. At that time, he underwent a com- 
pletion total pancreatectomy (tumor was noted in the tail 
of the pancreas at pathologic examination). 

Five patients had trauma to the portal-superior mes- 
enteric vein venous system. Two of these instances of 
trauma consisted of tears that were suturable; two required 
autologous vein grafts, and one required plastic vascular 
reconstruction of the superior mesenteric venous portal 
vein junction. 


Pathology 


Tumor size ranged between 2 and 11 cm, with a mean 
of 4 cm (Table 4). Lymph nodes were found to be positive 
in 65% of the patients and were found to be negative in 
35%. Multicentricity of tumor was noted in 36%. This 
multicentricity had various manifestations (Table 4): 1) 
widespread tumor in body and tail (in two patients), 2) 
tumor extending directly from the head into the central 
part of the body across the usual site of Whipple resection 
(in seven patients), 3) small tumor foci appearing in the 
pancreatic body and tail (in four patients), 4) carcinoma 
in situ separate from primary tumor in head (in two pa- 
tients), 5) tumor cells in pancreatic ducts presumably 
washed back from the head (in one patient), and 6) tumor 


TABLE 4. Pathology: Pancreatic Carcinoma 


Pathology No./% of Patients 
Tumor size (2.0-11 cm) 


Postive nodes 65%-4 alive > 5 years 


Negative nodes 35%-2 alive > 5 years 
Multicentricity 36%-4 of 9 survivors 
> 4 years 
Manifestations of multicentricity of tumor 
Type 
Widespread tumor in body and tail 2 
Tumor extension into body 7 
Small foci of carcinoma in body and 4 
tail 
Carcinoma in situ in body and tail 
Tumor cells free floating in l 
pancreatic duct 
Tumor extending up the common 4 
duct 
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TABLE 5. Total Pancreatectomy For Pancreatic Carcinoma: 
Postoperative Complications (27%) 
Postoperative Complications No. of Patients 


Postoperative mortality 1970-1976 4 of 22 (18%) 


Choledochojejunostomy leak and sepsis l 
Postoperative bleeding l 
Thrombosis superior mesenteric artery l 
Cardiopulmonary failure and abdominal 

sepsis (no leak) l 


Postoperative mortality 1977-1986 
Left pleural effusion 
Postoperative bleeding (nonlethal) requiring 


0 of 26 (0%) 
2 


reoperation to control bleeding l 
Tracheostomy l 
Postoperative gastric outlet obstruction 

requiring gastroenterostomy revision l 
Wound sepsis requiring wound drainage 3 
Hepatic necrosis—sepsis that resolved l 


extending high up along the common duct (in four pa- 
tients). 


Postoperative Complications 


Twenty-four patients had no intraoperative or post- 
operative complications (Table 5). Four patients died after 
operation in the hospital within 30 days of surgery. These 
deaths occurred early in the series, during the period 
of 1970-1976. There have been no postoperative in 
hospital deaths in the last 28 patients undergoing total 
pancreatectomy from 1977 to the present time. One of 
the above-mentioned patients died of bleeding during the 
postoperative period; one patient died of massive intra- 
abdominal sepsis secondary to a biliary fistula at the cho- 
ledochojejunostomy anastomosis; one patient died of total 
superior mesenteric artery thrombosis due to arterioscle- 
rotic plaque occlusion; and one patient died of a combi- 
nation cardiopulmonary and septic death, but no anas- 
tomotic leak was found at postoperative exploration. 

Nonlethal complications included left pleural effusions 
that resolved without treatment (two patients). Another 
patient developed postoperative gastric obstruction re- 
quiring gastroenterostomy revision. One patient devel- 
oped purulent drainage from a sump tube placed at op- 
eration; one patient had postoperative bleeding requiring 
6 units’ transfusion (this patient also required a trache- 
ostomy for postoperative respiratory support). Postoper- 
ative jaundice and areas (revealed on CAT scan) of liver 
necrosis-sepsis that eventually resolved developed in one 
patient. The etiology of this complication was not clear. 
Simple wound sepsis requiring wound drainage developed 
in three patients. 


Postoperative Course 


Of the 44 patients who survived operation, 25% were 
discharged from the hospital within 2 weeks (Table 6). 
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Fifty per cent of the patients remained in the hospital for 
3-4 weeks; 25% of the patients remained for longer than 
4 weeks. Insulin dosage was stabilized between 10 and 20 
units of NPH in 17% of the patients, between 20 and 30 
units of NPH in 72% of the patients; and between 30 and 
40 units of NPH in 11% of the patients. 

Major difficulty with diabetic control (hypoglycemia) 
occurred in 16% of the patients, requiring later hospital- 
ization in some cases as well as more rigid control within 
the postoperative period to control blood glucose. In sev- 
eral cases, glucagon therapy was helpful in controlling the 
acute episodes. No patient died or developed severe com- 
plications from this brittle diabetes. 

Gastrostomy tubes were removed at the time of dis- 
charge, and the indwelling choledochojejunostomy cath- 
eters were removed at varying times, in some cases at the 
time of discharge, and in other cases, 3-4 weeks after the 
operation. In all cases, contrast studies through the tube 
were obtained to delineate the status of the anastomosis 
and biliary radicals. 

Patients remaining in the hospital for more than 4 
weeks included those with intra-abdominal sepsis, those 
with postoperative bleeding, those whose postoperative 
jaundice subsided slowly, and those who failed to aliment 
properly. 


Posthospital Course 


After discharge from the hospital, most patients have 
been maintained on glucometer control of blood glucose 
levels. All patients have received six to twenty tablets of 
Pancrease (McNeil Pharmaceutical, Springhouse, PA) or 
Viokase (Robins, A.H. Co., Richmond, VA) per day. 
None of the patients gained significant weight, and the 
weight of all patients remained below their best preop- 
erative weight. Varying degrees of stool looseness occurred 
in 48% of the patients. Thirty-five per cent of this patient 
population were able to resume their occupations and/or 
their preoperative level of life activity. One third of the 
patients were able to carry out restricted activity, whereas 
another one third never returned to work. Insulin re- 
quirements during the posthopsital period continued to 
show that 17% of patients were in the NPH range of 10- 
20 units, that 72% were in the NPH range of 20-30 units, 
and that 11% were in the NPH range of 30-40 units. 


Long-term Survival 


Of 44 patients who survived operation, one patient died 
of pulmonary complications 30 days after discharge from 
the hospital; 33 patients (75%) survived for more than 6 
months; 23 patients (52%) survived for more than 1 year; 
21 patients (48%) for survived more than 2 years; 15 pa- 
tients (38%) survived for more than 3 years; and nine 
patients (21%) survived for more than 4 years (Fig. 4). Six 
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TABLE 6. Total Pancreatectomy For Pancreatic Carcinoma: 
Post-operative Course (44 Patients) 


Percentage of 





Postoperative Course Patients 

Postoperative hospitalization 

<2 weeks 25% 

3-4 weeks 50% 

>4 weeks 25% 
Insulin dosage 

NPH 10-20 17% 

NPH 20-30 72% 

NPH 30-40 11% 
Pancreatic enzyme replacement—Viokase, Pancrease 

4-20 tablets per day 
Major difficulty with diabetic control 16% 
Work—active 35% 


patients (14%) survived more than five years and three 
patients (7%) survived more than six years. Of nine pa- 
tients who survived for more than 4 years, four revealed 
multicentric tumor at pathologic examination. Lymph 
node positivity appeared not to affect survival signifi- 
cantly, although patients who had positive lymph nodes 
and who survived longer had fewer positive nodes. 


Discussion 


As has been pointed out by others, !4!5!61!7-!8 it appears 


that the surgical mortality of pancreatectomy has de- 
creased significantly during the last 10 years. There have 
been no postoperative deaths in the recent group of 28 
patients who underwent operations at the Brigham and 
Women’s Hospital. There also appears to be increased 
improvement in the survival rate for both the Whipple 
procedure and total pancreatectomy.'*!”'* This im- 
provement appears not to be due to earlier diagnosis, bet- 
ter patient condition, smaller tumors, or other known 
factors. It is also interesting to note that in Cameron’s 
recently reported series,'’ although pancreatic fistulae de- 
veloped in 18% of the patients, there were no deaths as a 
result of the fistulae. Presumably, this is a function of 
better handling of the fistula and improved supportive 
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FIG. 4. Survival after total pancreatectomy. 
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therapy. Approximately 40% of the deaths resulting from 
pancreatectomy during previous years were due to pan- 
creaticojejunostomy fistulae, and another 40% were due 
to cardiopulmomary complications. Clearly, the number 
of deaths resulting from both pancreatectomy and pan- 
creaticojejunostomy have both decreased in frequency. 

Overall long-term survival after the Whipple procedure 
and total pancreatectomy are similar despite the concepts 
of multicentricity noted previously.'”'® If complica- 
tions and death from pancreaticojejunostomy can be 
eradicated!’ and multicentricity of tumor can be shown 
not to affect survival, then the easier control of diabetes 
(which does occur in a significant percentage of patients 
after a Whipple procedure, albeit in a less brittle form) 
supports the concept of subtotal pancreatectomy. A point 
for discussion here relates to how much pancreatic tail 
need be left in situ in order to prevent diabetes. Obviously, 
the more pancreas that is removed, the lesser the likeli- 
hood of leaving multicentric tumor behind. Also, it is 
conceivable that by leaving a very small remnant of pan- 
creatic tail in situ, one could avoid the major complica- 
tions resulting from pancreaticojejunostomy as well as 
minimize the degree of diabetic complications that do 
occur. 


Summary 


The postoperative mortality (0%) and 5-year survival 
rate (14%) after total pancreatectomy for pancreatic cancer 
has improved significantly during the last 10 years. Al- 
though radiotherapy and/or chemotherapy have been used 
in treating some of these patients, their use has not been 
consistent enough to be evaluated properly in the present 
series. 
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delivery has immediate or delayed adverse effects on the fetus, prolongs the 
duration of labor. or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore, caution should be exercised when UNASYN 
iS administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN nave not been establisned 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated The following adverse reactions have 
beer reported 
Local Adverse Reactions 

Pain at IM injection site—16% 

Thrombophlebitis—3%% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3%o of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
ee nausea. vomiting. candidiasis. fatigue, malaise. headache. chest 
pain. flatulence. abdominal distension. glossitis, urine retention. dysuria 
edema. facial swelling. erythema. chills, tightness in throat. substernal 
pain. epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship tnat were 
reported during clinical trials were 

Hepatic Increased AST (SGOT). ALT (SGPT). alkaline phosphatase. and 

LDH 

Hematologic. Decreased hemoglobin. hematocrit. RBC. WBC. neu- 

trophils, lymphocytes. platelets and increased lymphocytes mono- 

cytes. basophils, eosinophils. anc platelets 

Blood Chemistry Decreased serum albumin and total proteins 

Renal. Increased BUN and creatinine 

Urinalysis: Presence of RBCs and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis. black hairy tongue. enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported. These reactions 
may be controlled with antihistamines and. if necessary. systemic cortico- 
Steroids Whenever Such reactions occur. the drug should be discontinued 
unless the opinion of the physician dictates otherwise. Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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given the importance of anaerobes in 
today’s mixed infections. 

Though clinical results may not 
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INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible 
strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 
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strains of Staphylococcus aureus. Escherichia coli.* Klebsiella spp.* 
(including K pneumoniae*). Proteus mirabilis.* Bacteroides fragilis. * 
Enterobacter spp..* and Acinetobacter calcoaceticus. * 
Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia coli, Klebsiella spp. (including K. pneumoniae*). Bacteroides 
spp. (including 8. fragilis), and Enterobacter spp. * 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli,* and Bacteroides spp * (including B. fragilis*) 
* Efficacy for this organism in this organ system was studied in fewer than 10 
infections 
While UNASYN® (ampicillin sodium/sulbactam sodium) is indicated only 
for the conditions listed above. infections caused by ampicillin-susceptible 
organisms are also amenable to treatment with UNASYN duetoits ampicillin 
content Therefore, mixed infections caused by ampicillin-susceptible 
Organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 
The use of UNASYN is contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH AHISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS. BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS CEPHALOSPORINS AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT. INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A high percentage of patients with mononucleosis who receive 
ampicillin develop askin rash. Thus. ampicillin class antibiotics should not 
be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
pns should be kept in mind during therapy If superinfections occur 
usually involving Pseudomonas or Candida). the drug should be discon- 
tinued and/or appropriate therapy instituted 
Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone. Itis not known whether this 
potentiation of ampicillin rashes is due to allopurinol or the hyperuricemia 
present in these patients. There are no data with UNASYN and allopurinol 
administered concurrently. UNASYN and aminoglycosides should not be 
reconstituted together due to then vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 
Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
peee of glucose in urine using Ciinitest ~. Benedict's Solution or 
ehlings Solution It is recommended that glucose tests based on en- 
zymatic glucose Oxidase reactions (such as Clinistix’” or Testape ~) be 
used Following administration of ampicillinto pregnant women. a transient 
decrease in plasma concentration of total conjugated estriol. es- 
triolglucuronide. conjugated estrone. and estradiol has been noted This 








effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 
enic potential 
regnancy 

Pregnancy Category B: Reproduction studies nave been performed in mice 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN. There are. however. no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy 
only if clearly needed. (See—Drug/Laboratory Test Interactions.) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone, frequency of 
contractions. height of contractions. and duration of contractions How- 
ever. itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on the fetus. prolongs the 
duration of labor. or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore, caution should be exercised when UNASYN 
iS administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated. The following adverse reactions have 
been reported 
Local Adverse Reactions 

Pain at IM injection site—16°% 

Thrombophlebitis—3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3° of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
= nausea. vomiting. candidiasis. fatigue, malaise, headache. chest 
pain. flatulence, abdominal distension, glossitis. urine retention. dysuria 
edema, facial swelling. erythema. chills. tightness in throat. substernal 
pain. epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 

+, gd Increased AST (SGOT). ALT (SGPT). alkaline phosphatase. and 

LOH 

Hematologic. Decreased hemoglobin. hematocrit. RBC, WBC. neu- 

trophiis. lymphocytes. platelets and increased lymphocytes. mono- 

cytes. basophils. eosinophils. and platelets 

Blood Chemistry Decreased serum albumin and total proteins 

Renal: increased BUN and creatinine 

Urinalysis. Presence of RBC’s anc hyaline casts in urine 
The following adverse reactions have been reported with ampiciilin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis, stomatitis. black hairy tongue. enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported These reactions 
may be controlled with antihistamines and. if necessary. systemic cortico- 
Steroids Whenever such reactions occur. the drug should be discontinued 
unless the opinion of the physician dictates otherwise. Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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Effects of Sham Feeding and a Meal on Plasma 
Gastrin and Duodenal pH in Normal and Duodenal 


Ulcer Patients 





CRAIG A. ERIKSEN, M.D., F.R.C.S.," KEITH D. BUCHANAN, M.D., M.R.C.P.,t and ALFRED CUSCHIERI, M.D., F.R.C.S.* 





The roles of plasma gastrin and duodenal acidity in duodenal 
ulcer disease. remain unclear. In this pathophysiologic study, 
plasma gastrin and dual gastro-duodenal pH were measured be- 
fore, during, and after cephalic stimulation (modified sham feed- 
ing) and the ingestion of a meal in 16 duodenal ulcer (DU) patients 
and twelve healthy subjects. Gastrin levels were significantly 
higher in DU patients both in the fasting state (42.5 ng/l ys. 
22.5 ng/l, p < 0.001) and after the meal (130 rs. 60, p < 0.02). 
Two separate patient subsets were identified: a “hypergastri- 
nemic” (H®G) group exhibiting exaggerated gastrin responses 
and a “Normogastrinemic” (N°G) group comprised of patients 
with gastrin levels similar to those of controls. Only the H®G 
group exhibited a significant gastrin response to sham feeding. 
- Both patient groups exhibited a delayed onset of duodenal acidity 
and delayed peak acid response after feeding indicative of delayed 
gastric emptying of the acid load. The H®G group exhibited a 
longer duodenal acid exposure and a prolonged return to premeal 
pH levels, suggesting a defective switch-off mechanism of acid 
secretion after duodenal acidification. 


ture regarding the plasma gastrin responses to 

sham feeding and a meal in both healthy vol- 
unteers and patients with duodenal ulcer disease. Whereas 
some studies have shown significant increases in plasma 
gastrin levels in ulcer patients and controls after gastric 
stimulation,’* others have not.*’ The reported infor- 
mation on fasting basal gastrin levels is likewise contro- 
versial; basal gastrin levels in duodenal ulcer patients have 
been variously reported as being higher than,” similar 
to,!™!? and lower than !*!4 those of normal subjects. Al- 


T HERE ARE CONFLICTING REPORTS in the litera- 


though some of these differences may be explained by the - 


use of different assay techniques, the role of gastrin in 
duodenal ulcer disease remains unclear. 

Although duodenal ulcer disease is considered to be 
` heterogenous in nature,'> the presence cf gastric acid in 
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the duodenal bulb is generally regarded as an important 
determining factor in its etiology. In support of this belief, 
duodenal ulcer patients as a group have been found to 
have enhanced fasting and stimulated gastric acid secre- 
tion.! There are several reported pathophysiologic ab- 
normalities encountered in these patients, and these ab- 
normalities have been reviewed by Wormsley.'’ There 
are studies that support, and others that refute, each of 
the postulated abnormalities. 

In the present investigation, we sought to examine the 
validity of three of these presumed pathophysiologic ab- 
normalities: 1) whether the gastrin levels are, in fact, raised 
in ulcer patients; 2) whether the acid load in the duodenal 
bulb is excessive; and 3) whether these patients have a 
defective switch-off mechanism of acid secretion. In ad- 
dition, the sequence of duodenal acidification was studied. 


Subjects, Methods, and Study Protocol 


Sixteen duodenal ulcer (DU) patients were studied. 
There were twelve men and four women involved in the 
study, having a mean age of 45.5 years (range of 23-72 
years), and all had endoscopically proven active duodenal 
ulcers. Any treatment with anti-secretory or other drugs 
was discontinued for at least 48 hours before the study, 


- which was undertaken within 3 weeks of the endoscopic 


examination. The control group comprised twelve healthy 
subjects, (nine men and three women), having a mean 
age of 24.3 years (range of 19-32 years), who had no 
symptoms nor previous history of upper gastrointestinal 
(G.L) disease. 

The study lasted 6.5 hours, and began after the patients 
had fasted overnight. At 1 hour, a modified sham feeding 
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FIG. 1. Plasma gastrin levels during fasting and responses to modified 
sham feeding (MSF) and an ingested meal in patients with active duodenal 
ulcer (DU) and in healthy controls, 


lasting 30 minutes was administered. Each subject was 
asked to chew and spit a standardized meal of two bacon 
rolls, one slice of buttered toast, and 180 ml of meat extract 
drink (54 g of carbohydrate (CHO), 38 g of protein, 53 g 
of fat, and 3456 kJ), and to take care not to swallow any 
of it. The sham feeding was used to monitor the cephalic 
phase of gastric secretion. Two and a half hours later, a 
standardized solid meal of braised minced meat, potatoes, 
peas, peaches and 180 ml of tea (56 g of CHO, 38 g of 
protein, 24 g of fat, and 2477 kJ) was served, to be eaten 
normally over a 30-minute period. The response reflected 
the gastric phase of gastric secretion. 

Serial plasma gastrin estimations were made at 60, 30, 
and 0 minutes before, every 10 minutes during, and at 
15, 30, 45, and 60 minutes after both the sham stimulation 
and the meal. An indwelling catheter was inserted into a 
vein in the antecubital fossa for venous sampling. The 
blood samples were collected in heparinized tubes on ice, 
centrifuged at 2500 rpm for 15 minutes, and the plasma 
pipetted into a tube containing 1000 units of Trasylol® 
(Bayer UK Ltd., Newberry, Berkshire, England). The 
plasma was then stored frozen at —20 C: 

For the gastrin radioimmunoassay, antibody was raised 
in rabbits against synthetic human gastrin I (ICI), and the 


antibody used in the assay, 0098, was at an approximate - 


final dilution of 1:10,000. This antibody does not cross- 
react with other G.I. péptides except cholecystokinin- 
pancreozymin (CCK), but > 10,000 times the concentra- 
tion of CCK is required to produce a similar fall in bound 
counts as standard gastrin. The antibody also recognized 
Big gastrin (G34), and the standards used were gastrin 
human type synthetic 68/439. Human plasma was ren- 
dered hormone-free by mixing with charcoal, which was 


later separated off by centrifugation and filtration. The . 


plasma was then added to the standards so as to equilibrate 
the conditions between plasma samples and standards. 
The radioimmnuoassay was then performed.'® : 
Throughout the test period, ambulatory dual gastro- 
duodenal pH monitoring was performed.'? Two small 
glass pH electrodes (GK240K, Radiometer, Copenhagen), 
attached together 9 cm apart in series, and distally to a 
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small mercury-filled rubber bag, were swallowed by the 
subject. The electrodes were positioned under fluoroscopic 
control, such that the proximal electrode was in the an- 
trum and the second electrode was in the distal half of 
the duodenal bulb. These positions were maintained by 
the caudal peristaltic pull on the weighted bag at the duo- 
deno-jejunal flexure against the fixation of the electrode 
wires. at the subject’s mouth. The distal ends of the elec- 
trode wires were connected to a small portable microlog 
receiving unit (Department of Medical Physics, Ninewells 
Hospital and Medical School, Dundee, Scotland) which 
was Drogrammed to record the pH from each electrode 
every 20 seconds. At the start and end of each study, the 
electrodes were calibrated in buffer solutions of pH 7 and 
4. At the end of the study period, the recorded pH data 
were transferred to a computer for storage and analysis. 
Ethical approval for the conduct of this study was ob- 
tained from the Ethics Committees of the Medical School, 
University of Dundee and the Tayside Health Board. 


Analysis and Statistics 


The data within the two groups was analyzed using 
Wilcoxon’s matched pairs signed ranks test, whereas data 
between the groups was analyzed with the Mann-Whitney 
U test. Due to the distribution of the data, the results are 
expressed as medians and ranges. The correlations be- 
tween fasting plasma gastrin and peak gastrin levels after 
both sham stimulation and a meal were analyzed using 
Spearman’s rank correlation coefficient. 


Results 


Plasma Gastrin 


The fasting plasma gastrin level of the duodenal ulcer 
patients was significantly higher than that of the controls: 
a median of 42.5 ng/l (range of 20-90) versus a median 
of 22.5 ng/l (range of 10-35) (p < 0.001). At all times, 
except immediately before the meal, the patient group 
demonstrated significantly higher plasma gastrin levels 
than the control group (Fig. 1). Both healthy subjects and 
DU patients attained peak gastrin responses at 30 minutes 
after both cephalic stimulation by modified sham feeding 
and ingestion of the meal. 

Tae healthy controls demonstrated a significant positive 
correlation between the fasting plasma gastrin level and 
the peak gastrin response after modified sham feeding (r, 
= 0.592, p < 0.006) and the ingestion of a meal (r, = 0.652, - 
p < 0.02) (Fig. 2). The duodenal ulcer patients exhibited 
similar positive correlations for the fasting versus peak 
gastrin responses, and greater levels of significance were 
reached; after sham stimulation, r, = 0.798, p < 0.0001; 
after a meal, r, = 0.840, p < 0.0001. With a fasting plasma 
gastzin level higher than 50 ng/l, the DU patients dem- 
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onstrated exaggerated gastrin responses to both sham 
stimulation and the ingestion of a solid meal. 

More detailed inspection of fasting gastrin data revealed 
an almost bimodal distribution of results for the DU pa- 


tients, showing two separate clusters. One group (n. 


= 10)—the N°G patients—centered around a median of 
30 ng/l and exhibited fasting gastrin levels similar to those 
of the controls. The second group (n = 6)—the HPG pa- 
tients—showed consistently higher fasting levels (Fig. 3). 
The division of the two groups was at a gastrin level of 
45-50 ng/l. Table 1 shows the responses. of these two DU 
patient subgroups and controls. Only the subgroup of H®G 
patients experienced a significant rise in plasma gastrin 
over fasting levels after the modified sham feeding (median 
fasting of 67.5 ng/l, median MSF peak of 130.0 ng/l; p 
<0 .05), whereas both groups and controls showed sig- 
nificantly stronger meal responses. Figure 4 illustrates the 
pattern of gastrin responses during the entire study for 
the two subgroups of ulcer patients and controls. The HEG 
group experienced a sustained rise in plasma gastrin after 
the ingestion of the meal, whereas the N°G group and 
the controls showed a steady fall in postprandial plasma 
gastrin levels. 

In view of these above findings, subsequent analyses 
were made using data from the two patient subgroups 
and controls. 


Fasting pH 


The mean fasting duodenal bulb pH of the patient 
group as a whole was 6.25 [ standard deviation (SD) of 
1.36], whereas that of the control group was 6.84 (SD of 
0.54); the results were not statistically different. Likewise, 
the mean fasting gastric pH did not differ significantly 
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Fe = 0.692, t = 3.034 (dof 10}, p < 0.006 
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between the DU patients and healthy subjects; there was 
a pH of 1.87 (SD of 0.34) versus a pH of 1.98 (SD of 
0.31), respectively. 


Duodenal Bulb Acidity 


The exposure of the duodenal bulb to acid is shown in 
Table 2 as the frequency distribution of the data points 
from the duodenal electrode. It is expressed as the cu- 
mulative percentage of the total number of pH readings 
from the electrode. The H®G patients showed a greater 
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Fic. 3. Fasting plasma gastrin levels in healthy controls (n = 12) and 
DU patients (n = 16) (two to three samples per subject). The separation 
of DU patients into a low (.) group (N°G, n = 10) and a consistently 
high (0) group (H®G, n = 6) is shown. 
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TABLE 1. Plasma Gastrin Responses to Modified Sham Feeding and 
a Meal in H®G and N°G DU Patients and Healthy Controls (VOL) 


Plasma Gastrin (ng/l) median and (range) 


p value* 
MSF Meal ee 
Fasting Peak Peak F/MSF MSF/M 
H®G 67.5 130.0 200.0 <0.05 <0.03 
(n= 6) (50-100) (70-200) (130-250) 
N°G 30.0 30.0 85.0 NS <0,02 
(n = 10) (20-45) (20-55) (20-120) 
VOL 22.5 22.5 60.0 NS <0).005 
(n = 12) (10-40) (10-55) (20-110) 


* Wilcoxon matched pairs signed ranks test for fasting versus MSF, 
MSF versus meal. 
MSF = modified sham feeding. 


exposure to acid compared with the N°G patients, but 
the difference did not reach significant levels, probably 
because of the small numbers. Compared with the con- 
trols, the H®G patients experienced a similar exposure at 
the levels of less than pH 4 and 3, but showed increased 
exposure at the more acidic levels of less than pH 2 and 
1. This increased exposure just failed to reach statistical 
significance. 

The H®G patients experienced an increased number of 
acid peaks (two or more consecutive readings to pH < 4) 
within the duodenum, compared with the other two 
groups, [medians of 3.99 (HEG), 2.07 (N°G), and 2.89 
(controls) —data standardized to | hour, p = NS Mann- 
Whitney]. Whereas the majority of these peaks were short- 
lived in all three groups, the H®G group demonstrated 
three times the number of long-lived peaks compared with 
the healthy subjects and N°G patients, respectively [me- 
dians of 0.8 (HFG), 0.3 (N°G), and 0.4 (controls)]. 


Effect of Feeding 


The effect of feeding (sham and ingestion) on duodenal 
acidity was assessed by analyzing data from the duodenal 
pH electrode in terms of four parameters: 1) the delay in 
onset of duodenal acidity (lag response), 2) total duration 
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Fic. 4. Plasma gastrin levels during fasting and responses to modified 
sham feeding (MSF) and an ingested meal in healthy controls (n ='12) 
and in H®G (n = 6) and N°G (n = 10) DU patients. 
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TABLE 2. Cumulative Percentage of Total Duodenal Bulb pH 
Recordings to Levels of Below pH 4, 3, 2, and 1 in HEG 
and N°G DU Patients and Healthy Controls (VOL}* 


H®G N°G VOL 
pH leval {n = 6) (n = 7) (a = 10) 
<4. 31.9 11.3 31.5 
(7.4-47.9) (2.5-39.2) (0.9-73.9) 
<3 21.3 5.1 19.2. 
(3.6-34.1) (1.1-23.1) (0.0-53. 1) 
<2 11.3 1.3 5.0 
(0.9-22-1) (0.1-13.5) (0.0-36.7) 
<l 1.8 0.0 0.1 
(0.0-4.8) (0.0-6.5) (0.0-13.5) 


* Median (range); p = NS at all levels (Mann-Whitney). 


of duodenal acidity, 3) time required to attain the peak 
duodenal acid response, and 4) time to return from the 
peak response to premeal pH values (Figs. 5A-—D). For 
each of the parameters, there was considerable overlap 
between the groups. 

Delay in onset of duodenal acidity (Fig. 5A). After ce- 
phalic stimulation, the lag response was similar for the 
three groups: median times of 20 minutes (H®G), 21 min- 
utes (N°G), and 11.5 minutes (controls). After the meal, 
both patient groups experienced increased delay in the 


. onset of duodenal acidity; the N°G patients, with a delay 


of 89.5 minutes, were significantly slower than the controls 
(32 minutes) in the onset of duodenal acidity (p < 0.05). 
The delay after the meal was significantly prolonged in 
both >atient groups when compared with those times after 
cephalic stimulation (p < 0.01). 

Duration of duodenal acidity (Fig. 5B). The total du- 
ration of duodenal acidity after feeding was considered 
in terms of the duration of time when pH levels were less 


_than 4 after modified sham feeding and the ingested meal. 


The H®G patients demonstrated prolonged acid exposure 
after cephalic stimulation (43 minutes) and the meal (28.5 
minutes) compared with the other two groups, but the 
differences were not significant. 

Time to peak duodenal acid response (Fig. 5C). After 
the onset of modified sham feeding, all three groups at- 
tained peak duodenal acid levels at similar times [42.5 
minutes (H®G), 33 minutes (N°G), and 43 minutes (con- 
trols)]. After the ingested meal, however, both patient 
groups showed prolonged times compared with the con- 
trols, the differences not quite reaching significant levels. 
For each patient group, the time to peak response after 
the meal was significantly slower than that after cephalic 
stimulation (p < 0.01). 

Tine to return from peak duodenal acidity to premeal 
pH levels (Fig. 5D). The time taken from the peak acid 
respcnse to return to the premeal pH value is, in part, an 
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Fics. 5A-D. The effect of feeding on duodenal acidity in H®G and N°G DU patients and healthy controls (see text for details). 


indirect measure of the switch-off mechanism of gastric 
acid secretion. After cephalic stimulation, the H®G pa- 
tients showed a prolonged time to return to premeal levels, 
whereas the other two groups showed similar times [50 
minutes (H®G), 32 minutes (N°G), and 27 minutes (con- 
trols), p = NS). After the meal, the time to return to pre- 
meal pH levels was significantly slower amongst the H®G 
patients compared with the N°G patients (p < 0.005), 
but not quite as marked when compared with the controls. 


Discussion 


In this present study, the DU patients as a group dem- 
onstrated significantly higher fasting plasma gastrin levels 
compared with the healthy controls. This finding is in 
. keeping with some studies °° but not with others.*!? 
The more likely reasons for these differences are differing 
techniques of gastrin radioimmunoassay with a tendency 
for the newer, improved assays to yield lower values,”! 
and the skewed distribution’! with wide ranges in the 
gastrin levels for patient and control groups. !!!? A further 


factor that may contribute to these differences is that our ` 


patient and control groups were not matched for age, and 
it has been shown that plasma gastrin levels do increase 
exponentially with age.!8 However, in this study, the me- 
dian age of the patient group (44 years) indicates the small 


‘number of patients in the sixth and seventh decades of 


life. The increases in the forth and fifth decades are mod- 
est. An additional consideration is prior treatment with 
H,-antagonists. Although ranitidine has little or no effect 
on fasting or postprandial gastrin, cimetidine does appear 
to. increase plasma gastrin levels.” This effect is short- 
lived, however, and plasma gastrin levels return to normal 
within 48 hours of withdrawal from cimetidine treat- 
ment.” 

The correlation between fasting plasma gastrin and peak 
gastrin responses after stimulation, and detailed exami- 
nation of our fasting gastrin data suggest the existence of 
two subgroups of DU patients, the H®G and N°G patients, 
who appear to respond differently. Similar hypergastri- 
nemic patients have been noted previously,*?! but not 
fully described. In contrast to patients with Zollinger-El- 
lison syndrome who show no rise in plasma gastrin after 
feeding,” these H®G DU patients exhibited marked and 
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significant increases in plasma gastrin after both the 
ingestion of a meal and cephalic stimulation (in this study, 
there were increases of 196.3% and 92.6%, respectively). 
This exaggerated response to cephalic stimulation would 
suggest a vagal hyperactivity in these patients. Other ex- 
planations for an increased gastrin response to feeding are 
a diminished inhibition of gastrin release by antral acid,’ 
or an oversensitive/overactive G cell-bearing antroduo- 
denal mucosa.”! 

The N°G ulcer patients had fasting gastrin levels similar 
to those of the controls and likewise experienced no re- 
sponse to cephalic stimulation. This group of ulcer patients 
may well represent the majority of “ordinary” DU pa- 
tients, thereby confirming findings of earlier reports.°°?*> 

The previously reported sustained increased levels of 
postprandial plasma gastrin*”*° were, in this study, ob- 
served only among the subgroup of H’G patients. This 
would suggest that it is this subgroup of DU patients who 
have a defective inhibition of gastrin release, whereas the 
N°G patients react in a fashion similar to that of the 
healthy controls. 

The acid load in the duodenal bulb to levels of pH < 4 
and < 3, as shown by the cumulative percentage of duo- 
denal pH data, did not vary appreciably between the HEG 
patients and controls. However, at the more acidic levels 
of pH < 2 and < 1, the H®G showed an increased acid 
exposure. This is in keeping with the higher and sustained 
gastrin levels in this group of patients. 

The pattern of duodenal acidity, as illustrated by the 
analysis of the acid peaks within the duodenal bulb, 
showed no significant differences among the three study 
groups. This confirms the findings of a recent study of 24 
controls and 44 duodenal ulcer patients.*” The increased 
number of acid peaks seen in the H®G group is in keeping 
with the enhanced Phase II motor activity (random ir- 
regular contraction period) of the antrobulbar segment 
reported in ulcer patients.”° 

Gastric emptying has been reported to be increased in 
duodenal ulcer patients,!°?° but this was not confirmed 
by a more recent report.*' The present study confirms this 
latter finding, and provides evidence to the contrary. The 
onset of duodenal acidity was longer in both patient 
subgroups after cephalic stimulation and was even slower 
after the ingestion of the solid meal. Likewise, the time 
to the peak duodenal acid response was slower in both 
patient subgroups. This would suggest a hold-up in the 
normal emptying of acid from the stomach in DU pa- 
tients, and this hold-up appears to be more pronounced 
in the N°G subgroup. 

After both cephalic stimulation and ingestion of a meal, 
the HEG patients exhibited a delay in the return to premeal 
pH levels. The possible reasons for this observation are 
as follows: 1) these patients may have a defect-in the neu- 
tralizing mechanisms within the duodenal bulb; 2) the 
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clearing mechanism of the pyloroduodenal segment may 


_be defective;”* and 3) these hypergastrinemic patients have 


a defect in the switch-off mechanism of gastric acid se- 
cretion. The data from the present study including the 
sustained gastrin release favor this last explanation. 

The results of this study show that, as a group, DU 
patients have excessive basal and poststimulation levels 
of plasma gastrin. It appears that two separate subgroups 
of. duodenal ulcer patients exist: 1) hypergastrinemic pa- 
tients, who demonstrate higher fasting plasma gastrin lev- 
els, significant 1 increases in plasma gastrin in response to 
cephalic stimulation and a meal, increased vagal activity, 
defective inhibition of gastrin release, and an impaired 
switch-off mechanism of gastric acid secretion and 2) nor- 
mogastrinemic patients who exhibit gastrin responses 
similar to those of healthy controls. 
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A Multifactorial Analysis of Factors Related to 
Lethality After Treatment of Perforated 


Gastroduodenal Ulcer 
1935-1985 





CECILIE SVANES, M.D., HELGA SALVESEN, M.D., BIRGITTE ESPERAVA: PH.D., 


SDA SØREIDE, M.D., and KNUT SVANES, M.D. 


One thousand one hundred and twenty-eight patients treated for 
perforated gastroduodenal ulcer during the years 1935-1985 were 
studied at the Haukeland University Hospital. The majority of 
patients (97.7%) were treated surgically. The data was analyzed 
by contingency tables and chi square testing, and a stepwise 
logistic regression analysis was performed in order to reveal in- 
teractions between variables and to elucidate time trends in le- 
thality rates. The total postperforation lethality was 7.4%, the 
postsurgical death rate was 6.6%, and the death rate among con- 
servatively treated patients was 42.3%. Lethality was signifi- 
cantly influenced by year of hospital admission and increased 
markedly with the age of the patients. For all age groups, the 
lethality decreased markedly with time. Treatment delay was 
associated with a moderate but significant increase in lethality. 
, In patients with gastric ulcer the lethality was 3.6 times higher 
than in those with duodenal ulcer. The death rate was similar in 
the duodenal and pyloric ulcer groups. Death rate decreased with 
time in both stomach ulcer, duodenal, and pyloric ulcer patients. 
There was no sex difference and no difference between patients 
treated with simple suture or gastric resection. 


cation of ulcer disease carrying a high lethality. 

After Mikulicz’ first sutured a perforated duodenal 
ulcer in 1887, numerous. studies describing treatment re- 
sults have been published. Table 1 summarizes studies 
that have reported the lethality rates (ranging between 6% 
and 18%) that follow treatment.”"!® It appears that lethality 
has not changed dramatically over the last 45 years, despite 
advances in surgical health care. 

Lethality is believed to be influenced by patient age 
and sex, treatment delay, ulcer site, type of treatment, 
concurrent disease, preoperative shock, and the type of 
anesthesia used!*. A major problem in analysis of such 
data is the interrelated variables that may confound studies 


P ERFORATED PEPTIC ULCER is a serious compli- 
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of the cause-effect type. For instance, treatment delay 
seems to increase lethality. A long pretreatment delay is 
more common in elderly patients, and there is also a re- 
lationship between age and lethality.!° Such complex in- 
terrelationships between factors can only be studied using 
multifactorial statistical methods. In previously published 
papers on lethality that occurs after ulcer perforation, 
modern statistical analyses have not been used, with the 
exception of a recently published prospective study by 
Boey and associates.?? 

Consequently, despite numerous publications on this 
topic, the knowledge about factors influencing lethality 
that occurs after perforated peptic ulcer is limited. We 
have retrospectively studied 1128 patients treated for gas- 
troduodenal ulcer perforation in the Bergen area during 
the years 1935-1985, the purpose of the present study 
being to elucidate factors that may influence post-treat- 
ment lethality and to describe time trends in patient pop- 
ulation characteristics and treatment results, __ 


| ‘Patients 


We have retrospectively studied 1128 patients treated 
for perforated gastroduodenal ulcer at Haukeland Hospital 
during the years 1935-1985. For patients treated during 


` the years 1935-1972, the patients were identified using a 


manual recording system based on diagnosis. The data 
on patients thus identified were cross-checked by use of 
consecutive recordings of all operations performed in the 
hospital that were available for the years 1935-1940, 1950, 
and 1955-1972. For patients treated during the years: 
1972-1985, the patients were identified using a compu- 
terized system that registers both diagnosis and specified 
operations. Two patients in whom ulcer perforation was 


44mm 
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a complicating factor in the terminal phase of a serious 
disease were excluded, leaving 1126 patients for analysis. 

For 1062 patients (94%), relevant information was ob- 
tained from case notes. For the remaining 66 patients, 
information was extracted from admission cards and au- 
topsy records. 

Data concerning patient characteristics, treatment de- 
lay, type of treatment, localization of ulcer, postoperative 
complications, and death were recorded. Mortality was 
defined as death related to pcst-treatment complications 
occurring in the hospital before discharge, irrespective of 
whether the patients died earlier or later than 30 days 
after the operation. The case notes were generally insuf- 
ficient in providing reliable information on associated 
diseases. 


Statistical Analysis 


The data were analyzed using the statistical program 
package BMDP”! (BMDP Statistical Software, Los An- 
geles, California) implemented on the UNIVAC 1100 
computer (UNISYS, Minneapolis, Minnesota) at the 
University of Bergen. Analyses were performed by con- 
tingency tables and chi square testing. In order to analyze 
interactions between variables, a stepwise logistic regres- 
sion analysis was performed, taking into account all sec- 
ond-order interactions. Taking this approach, we could 
study the effect on the dependent variable (i.e., lethality) 
of one particular variable while all other variables were 
held constant. This approach also allowed estimation of 
lethality on the basis of specified patient characteristics. 


Results 
Lethality 


Of the 1126 patients included in the study, 83 died as 
the result of perforation, acccunting for a total postper- 
foration death rate of 7.4%. The postsurgical lethality was 
6.6% (72 of 1090 patients), whereas eleven of 26 patients 
treated conservatively died (42.3%). Mortality according 
to different patient characteristics is further shown in Ta- 
ble 2, and Figure | illustrates the changes in postoperative 
lethality observed over the 50-year period studied (1935- 
1985). 

Table 3 shows the mortality rate of patients treated by 
surgery versus those treated conservatively. A highly sig- 
nificant difference (p < 0.001) between the two groups 
was found. However, direct comparison between the 
groups is not justified, because the patients treated con- 
servatively were older (median age of 66 years vs. 48 years). 


Factors Influencing Lethality 


Cross-tabulations between post-treatment deaths and 
factors that may influence mortality revealed statistically 
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TABLE 1, Reported Overall Lethality in Patients 
with Perforated Peptic Ulcer 
Time- No. of No.of Lethality 
Author Period Patients Deaths Rate 
Gastroduodenal ulcer 

De Bakey? ` 1940 16,752 4217 25.2% 
Illingworth et al.? 1924-1943 7156 1396 19.5% 
Yudine' 1922-1937 1438 16.2% 
Noordijk° 1934-1950 2551 342 13.4% 
Antila® 1947-1961 413 39 10.0% 
Donaldson et al.’ 1952-1969 47i 68 14.0% 

- Cohen? 1959-1968 852 156 18.3% 
Olsen et al.? 1973-1978 129 8 6.0% 
Watkins et al.!° 1977-1982 166 21 12.7% 
Maul and Reath!! 1977-1987 57 7 12.0% 
Hastings et al.!? 1947-1955 362 34 9.5% 

Duodenal ulcer 
Gall and Tolbot!? 1952-1957 384 8.6% 
Kay et al.’* 1966-1975 109 30 16.0% 
Heuman et al.!° 1969-1975 77 5 6.5% 
Mattingly et al.!® 1968-1978 124 12 9.6% 
Boey and Wong!’ 1978-1985 613 29 4.7% 
. Gastric ulcers 

McGee et al.!® 1957-1987 101 24 24.0% 
Gall and Talbot!? 1952-1957 134 23.0% 


significant associations between the dependent variable 
death and year of admission, age, sex, treatment delay, 
localization of ulcer, and type of treatment. The p-values 
(chi square statistics) are given in Table 4. 

However, the nature and interpretation of data are 


TABLE 2. Mortality After Perforation According 
to Different Patient Characteristics* 


Patient No. of No. of Percentage 

Characteristics Patients Deaths of Patients 
Age 

<49 years 581 18 3.1 

>49 years 536 64 {1.9 
Sex 

Men 929 60 6.5 

Women 197 23 11.6 
Period of admission 

1935-1944 122 15 12.3 

1945-1954 139 12 8.6 

1955-1964 273 15 5.5 

1965-1974 285 19 6.7 

1975-1985 303 22 7.3 
Treatment delay 

<6 hours 472 16 3.4 

>6 hours 518 49 9.5 
Localization of ulcer 

Stomach 142 20 14.1 

Pyloric area 377 26 6.9 

Duodenum 577 33 5.7 
Treatment 

Suture 717 57 7.9 

Resection 363 l1 3.0 

No operation i 26 lI 42.3 


* The total number of patients may vary due to incomplete data for 
some variables, 
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complex, due to time trends that are observed for patient 
characteristics. Figure 1 shows that mortality had fallen 
over the 50-year period. On the other hand, Figure 2 shows 
that the median age of the patients had increased dra- 
matically over the years, and, as demonstrated in Figure 
3, there seems to be a direct relationship between age and 
mortality. To reveal the true time trend in mortality rate, 
and in order to study the influence of important factors 
on the death rate, a logistic regression analysis taking into 
account all second-order interactions was performed. 

In the logistic regression analysis, patients with missing 
information on any variable were excluded. This leaves 
969 patients for analysis, 60 of whom (6.2%) died. The 
excluded patients were comparable with the analyzed pa- 
tients (data not given). As treatment delay was difficult 
to ascertain in the conservatively treated patients, the 
analysis was restricted to those who underwent surgery. 

The final logistic regression model fitted the data well 
(p = 0.495 for goodness of fit). The results are summarized 
in Table 5, which also gives odds ratios. The lethality is 
significantly influenced by year of admission, age of the 
patient, treatment delay, and localization of the ulcer. A 
10-year increase in age was associated with a twofold in- 
crease in lethality. Treatment delay caused a statistically 
significant but modest increase in lethality. The lethality 
in patients with perforated gastric ulcer was 3.6 times 
higher than in patients with duodenal ulcer. Lethality did 
not differ significantly between men and women, and there 


was no significant difference between patients treated with - 


simple suture versus those who underwent gastric resec- 


TABLE 3. Death According to Treatment Group 


Total No. 

Treatment Survivors Deaths of Patients 
‘ Operative treatment 1018 (93.4%) ` .72 (6.6%) 1090 
Conservative treatment 15:(57.7%) 11 (42.3%) 26 
Total 1033 (92.6%) 83 (7.4%) 1116 
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TABLE 4. p-values Revealed by Cross-tabulations Between Death 
and the Listed Variables and Statistical Analysis 
Using Chi Square Statistics 


Variable Categories p-value 
Year of admission 10-year intervals NS 
Age +tmedian (49 years) <0.001 
Sex men/women 0.01 
Treatment delay +median (6 hours) <0.001 
Localization of ulcer stomach, pyloric area, <0.001 

duodenum l 

Treatment suture versus resection 0.0017 


tion. To illustrate the true changes in mortality rate, we 
estimated postoperative death rate (based on the final 
regression model) by year of perforation for different age 
groups where all other factors were held constant (Figs. 4 
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FIG. 3. Lethality according to age of the patients. n = number of patients 
in each group. 


and 5). Among patients with duodenal ulcer (Fig. 4) and 
gastric ulcer (Fig. 5), the lethality increased with age at 
all time periods tested, and the lethality gradually de- 
creased with time for all age groups, the actual decrease 
being most marked for the high age groups. Figure 6 il- 
lustrates death rate for 50-year-old patients with different 
localization of the ulcer. The lethality gradually decreased 
from 1935 to 1985 in patients with gastric ulcer as well 
as in those with duodenal and pyloric ulcers. 


Discussion 


Among the 1126 patients studied, the overall postper- 
foration lethality during the years 1935-1985 was 7.4%, 
This compares favorably with that of other series (Table 
1), especially when considering that the study period dates 
back to 1935. A major problem encountered: when re- 
viewing the literature is that results may not be strictly 
comparable, because death due to perforated ulcer is not 
uniformly defined. A possible explanation for the favor- 
able results presented in this paper might be that nearly 
all patients (97.7%) underwent operation even if they were 
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TABLE £., Factors Associated With Postoperative Lethality and Odds- 
Ratios as Estimated From the Logistic Regression Analysis 


Variable and Odds- 
Categories Ratio (95% CI) x? DF p-value 
Year of admission 
xX ł 28.97 I 0.0000 
X~10 year 1.96 (1.52, 2.51) 
Age 
x l 53.41 ] 0.0000 
X + 10 years 2.19 (1.74, 2.76) 
Sex 
Men NS 
Women ` 
Treatment delay 
X 1 7.55 I 0.0060 
X + 2 hours 1.02 (1.01, 1.03) 
Localization of ulcer 
Duodenum i 12.14 2 0.0023 
Pyloric area 1.27 (0.64, 2.53) 
stomach 3.6 (1.76, 7.36) 
Treatment 
Suture NS 
Resection 
Others 


CI = confidence limits. 
seriously ill when first admitted to the hospital. Also, the 


median treatment delay (7 hours) that we have noted is 
shorter than that reported by others '”. 
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FIG. 4. Postoperative lethality according to the year during which per- 
foration occurred, as estimated by the logistic regression analysis in dif- 
ferent age groups, given a treatment delay of 6 hours and an ulcer located 
in the duodenum. 
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FIG. 5. Postoperative lethality according to the year during which per- 
foration occurred, as estimated by the logistic regression analysis in dif- 
ferent age groups, given a treatment delay of 6 hours and an ulcer located 
in the stomach. 
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FIG. 6. Postoperative lethality according to the year during which per- 

‘foration occurred for a 50-year-old patient and with a treatment delay 
of 6 hours, according to site of perforation as estimated from the logistic 
regression analysis. 
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Lethality that occurs after ulcer perforation has re- 
mained fairly constant over the last 35 years *'’. This was 
likewise observed in our study if crude data only are given 
(Fig. 1). The stepwise logistic regression analyses revealed 
a significantly favorable effect of time in itself on patient 
outcome. The different results of two-way analysis and 
multifactorial analysis can easily be explained by the 
changes in various factors related to lethality over time, 
as illustrated by Figures 1-3. Today a fairly low mortality 
can be expected. despite the fact that elderly patients are 
undergoing operation. We do not have data to explain 
the effect of time by itself on patient outcome, but it seems 
reasonable to believe that the “time effect” includes ad- 
vances in anesthesia and in peri- and postoperative care. 

We found that lethality increased as patient age in- 
creased, and this, too, corresponds with the findings re- 
ported in the current literature”*-*!®, Boey and Wong,” 
however, found age in itself to have no effect on patient 
outcome, but they did find concurrent medical illness to 
have a significant detrimental effect. This indicates that 
high lethality rate observed in elderly patients might be 
due to high frequency of associated diseases rather than 
to aging itself. Our data did not allow analysis of this 
aspect or other factors that might be hidden in the term 
“old age.” 

Like other authors,” we found that women had a 
higher crude lethality rate than did men. This, however, 
appears to be a bias effect, because the women studied 
were older than the men. The stepwise logistic regression 
analysis showed no significant sex-effect, and conse- 
quently, women as such are at no greater risk than men. 

It is an established “truth” that a long treatment delay 
increases the lethality of perforated peptic ulcer, and this 
sounds reasonable from a clinical point of view. Our two- 
way analysis gives exactly the same results as described 
in previous studies*>:”*'%?_ The problem of interrelated 
variables may, however, confound the truth. We have 


found previously’? that treatment delay is related to age, 


sex, and the year that the perforation occurred, factors 
that are also related to lethality. When analyzing the 
problem multifactorially, the effect of delay on lethality 
appears to be marginal, at least when a relatively short 
delay, such as that found in our study, is concerned. Per- 
foration of ulcers located in the stomach are associated 
with a higher lethality rate than are pyloric and duodenal 
ulcers. This is in accordance with earlier published re- 
sults 7°73 and also holds true when analyzed together with 
other variables. 

The present study showed no significant difference in 
lethality between gastric resection and simple suture. This 
is in agreement with the excellent 1953 study of Noordijk.° 
Other authors have reported that resection carries a lower 
lethality rate than suture, 7? but the problem of selec- 
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tion of patients and interrelated variables confound the 
issue. 


10, 
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Androgen Receptor in Hepatocellular Carcinoma as 
a Prognostic Factor After Hepatic Resection 





NAOFUMI NAGASUE, M.D.,* YU-CHUNG CHANG, M.D.,* TAKAFUMI HAYASHI, M.D.,” GENNARO GALIZIA, M.D.,* 
HITOSHI KOHNO, M.D.,* TERUHISA NAKAMURA, M.D.,* and HIROFUMI YUKAYA, M.D.t 


Androgen receptors (AR) in the cytosol of hepatocellular car- 
cinoma (HCC) were assayed in 45 unselected patients in whom 
radical hepatic resection was performed. Thirty-one patients had 
detectable amounts of ARs in tumors, ranging from 2.3 to 82.6 
fmol/mg protein with the dissociation constants (Kd) of 4.1 
— 30.9 X 10-7 °M. The receptor was not found in the remaining 
14 cases. AR negative HCCs were significantly more common 
among women and nonalcoholic patients. Otherwise, there were 
no significant difference in the clinicopathologic background be- 
tween patients with AR positive HCCs and those with AR neg- 
ative tumors. Three patients died of liver failure in the former 
group, whereas two died in the latter; one patient died of liver 
failure and the other died of pneumonia (results were not statis- 
tically significant). Excluding those five operative deaths, the 
recurrence rates were 67.9% in the group of patients with AR 
positive HCCs and 33.3% in the group of patients with AR neg- 
ative tumors (0.1 < p < 0.05). The 5-year survival rate was 
significantly better (p < 0.05) in patients with AR negative HCCs 
(62.2%) than in those with the positive tumors (17.3%). In light 
of the current results and previous experimental works by others, 
it is likely that testosterones enhance the growth and invasiveness 
of human HCC, which is mediated by AR in the tumor. 


EPATOCELLULAR CARCINOMA (HCC) is one of 
H the most malignant tumors in humans.' Due 

to a high incidence of associated liver cirrhosis 
or early spread in the liver, its resectability is generally 
low.** Nevertheless, hepatic resection is at present the 
most reliable and acknowledged method for cure, although 
liver transplantation may be more ideal in selected pa- 
tients. Several recent investigations have reported prog- 
nostic factors after resection of HCC.®? According to these 
reports, the patient’s prognosis can be considered poor if 
the tumor is large, invasive, or nonencapsulated, or if the 
patient has symptoms due to HCC, elevated preoperative 
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serum alpha-fetoprotein (AFP) level, or inadequate sur- 
gical margin. 

During recent years, we have investigated sex hormone 
receptor profiles in HCC and the surrounding liver, and 
suggested a possibility that this tumor is androgen- 
dependent!®'*, In the current investigation, we have an- 
alyzed the recurrence rate and long survival rate after rad- 
ical hepatic resection between the patients with androgen 
receptor (AR) positive HCCs and those with AR negative 
tumors. 


Materials and Methods 


During the past 6.5 years, ARs were assayed for primary 
hepatocellular carcinoma (HCC) in 45 unselected patients 
in whom radical hepatic resection was performed. ARs 
in the tumor were detected in 31 patients but not in the 
remaining 14. Long-term survival and tumor recurrence 
rates were compared between those patients with AR pos- 
itive and negative HCCs. The mean follow-up times were 
36.2 + 18.4 months in the AR positive group and 31.4 
+ 18.0 months in the AR negative group. 

There was no significant difference in age distribution. 
AR negative HCCs were seen more frequently in women 
than in men (p < 0.02). Alcohol abuse was noted-in 15 
patients of the AR positive group but in none of the AR . 
negative group (p < 0.01). There were no significant dif- 
ferences between the two study groups regarding the extent 
of underlying liver disease, positive rate of hepatitis B 
virus, and serum AFP level (Table 1). Table 2 shows the 
results of preoperative liver tests. There were no substantial 
differences between the two groups. Due to a high inci- 
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TABLE 1. Preoperative Clinical Background TABLE 2. Preoperative Liver Tests 
AR-positive AR-negative AR-positive AR-negative 
(No. of (No. of Data (No. of Patients) (No. of Patients) 
Data Patients) Patients) 
AST (IU/ml)* 99 + 45 78 + 42 
Total number of patients 31 14 ALT (IU/ml)* 78 + 38 76 + 66 
Age (years)* 59.4 + 8.8 59.2 + 8.4 LDH (IU/ml) 349 + 91 346 + 84 
Men/women 25/4 6/8ċŁ Bilirubin (mg/100 ml) 1020.5 0.9 + 0.4 
Duration of liver disease (years)* 6.8 + 6.3 8.1 + 6.6 Albumin (g/100 ml) 3.6 + 0.5 3.6 + 0.7 
Alcohol abuset Cholesterol (mg/100 ml) 142 + 33 153 + 30 
Yes 15§ 0§ BSP (30 minutes)t 26.8 + 15.3 32.7 + 12.7 
No 16 14 ICG (15 minutes)§ 24.1 + 13.7 26.1 + 13.9 
Child’s class 
A 17 7 * Aspartate aminotransferase (normal, 0-37). 
B 11 l + Alanine aminotransferase (normal, 3—32). 
C 3 3 t Bromosulphalein retention rate at 30 minutes (normal, 0-10%). 
Hepatitis B virus § Indocyanine green retention rate at 15 minutes (normal, 0-10%). 
HBs-antigen 17 7 i C 
Anti-HBs 14 1 
Anti-HBc 25 7 
Serum AFP (ng/ml) AR Assay 
ag aa 20 7 : In all cases, specimens for analysis were obtained at 
1000~10,000 3 0 the time of operation. The tumor was frozen in liquid 
More than 10,000 l 2 nitrogen immediately after removal and was stored at —80 
* Mean + SD C until the receptor assays could be performed. The 


+t Those who consume more than 50 g of alcohol every day for more 
than 5 years. 

Ep < 0.02. 

§p < 0.0). 


dence of associated liver cirrhosis, atypical minor hepatic 
resections were performed in most patients. No statistical 
difference was found in the extent of liver resection be- 
tween the two groups (Table 3). Histopathologic data of 
the resected specimens are shown in Table 4. No signifi- 
cant differences in tumor size, histologic type of HCC and 
associated liver diseases were observed between the two 
study groups. 


Postoperative Follow-up 


Twenty-four patients received postoperative chemo- 


therapy. The incidence and type of chemotherapy did not , 


differ between the two groups. All patients, except for those 
who died during operation, were evaluated with computed 
tomography, ultrasonography, and, if necessary, angiog- 
raphy just before discharge from hospital. They were all 
proven to have no residual tumors in the liver and no 
distant metastases. After discharge from the hospital, the 
patients were followed up at a 2-week interval during the 
‘first 6 months and monthly thereafter. Imaging diagnosis 
was repeated every 3 months. When tumor recurrence 
was suspected, the patient was hospitalized for angiog- 
raphy. Whenever the recurrent tumor was resectable, sec- 
ond hepatic resection was performed. Otherwise, che- 
motherapy with or without embolization of the hepatic 
artery was performed. 


chemicals and the method of cytosol preparation are de- 
scribed elsewhere.!° Aliquots of cytosol (0.15 ml) were 
incubated with increasing concentrations of 7H-R1881 
(0.25-4 nM) and 0.125-2 uM triamcinolone with or with- 
out 4 uM radioinert R1881 for 16-18 hours. After the 
incubation, 50 uM dextran-coated solution (2.5% acti- 


vated charcoal Norit A and 0.025% dextan T-70 in TEGT 


[10 mM TRIS-HCI, 1.5 me EDTA, 30% (u/v) glycerol, 
and | mM thioglycerol] buffer) was added to the tubes, 
which were incubated for 20 minutes and then centrifuged 
for 15 minutes at 1500 g. The radioactivity in the super- 
natant was measured by liquid scintillation counting. The 
data were analyzed by the method of Scatchard’? after 
subtraction of nonspecific androgen binding. 


Statistical Methods 


Statistical comparisons for significance were made with 
the use of unpaired Student’s t-test and the chi square test 
with a single degree of freedom; p values of less than 0.05 
were considered statistically significant. Cumulative sur- 
vival rates were obtained by means of the Kaplan-Meier 
method. 


TABLE 3. Operative Methods 


AR-negative 
(No. of Patients) 


AR-positive 


Operative Methods (No. of Patients) 


bet 
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Wedge resection I 
One-segmentectomy 
Two-segmentectomy 

Left lateral segmentectomy 
Left lobectomy 

Right lobectomy 


Extended right lobectomy 
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TABLE 4. Histopathologic Data 


AR-positive AR-negative 
Data (No. of Patients) (No. of Patients) 


Tumor size 
Smaller than 2 cm 3 
2-5 cm 17 
5-10 cm 9 
Larger than 10 cm 2 

Histologic type of HCC 
Trabecular 2 
Trabecular + clear cell 
Trabecular + pseudoglandular 
Trabecular + compact 
Clear cell 

. Compact 

Liver Histology 

Liver cirrhosis 
Micronodular 
Macronodular 
Mixed type 

Chronic hepatitis 
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Results 
AR 


ARs were detected in the cytosol of HCCs taken from 
31 patients. The value ranged from 2.3 to 82.6 fmol/mg 
protein (mean + SD, 19.5 + 20.5 fmol/mg) with the dis- 
sociation constants (Kd) ranging from 4.1 to 30.9 X 10 
~10M{ (mean + SD, 13.6 + 7.9 X 10 ~ °M). The tumors 
removed from the remaining 14 patients possessed no 
detectable amount of ARs. 


Operative Morbidity and Mortality 


Of 31 patients with AR positive HCCs, three died after 
liver resection. Hepatic failure developed after relaparot- 
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Fic. 1. Cumulative survival curves in patients with AR positive HCCs 
and those with AR negative tumors. The difference was statistically sig- 
nificant (p < 0.05) during the period of 11~22 months and after 54 
months. 
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omy for bleeding in one patient and for intra-abdominal 
sepsis in the other. Both patients died in hepatic coma on 
the eleventh and twelfth postoperative days, respectively. 
The third patient experienced liver failure of insidious 
onset and died 86 days after operation. On the other hand, 
two patients of the AR negative group died. The first pa- 
tient died of hepatic failure on the 28th postoperative day. 
The second patient died of pneumonia followed by mul- 
tiple organ failure on the 44th postoperative day. All the 
patients who died after liver resection had Child’s class B 
liver cirrhosis. There was no difference in the morbidity 
and mortality rates between the two study groups. 


Tumor Recurrence 


Ir. the patients with AR positive HCCs, tumor recur- 
rence in the residual liver-occurred in 19 instances 3-50 
months after operation (mean + SD, 15.7 + 14.4 months). 
On the other hand, four patients in the AR negative group 
had tumor recurrence 7-25 months after operation (mean 
+ SD, 15.6 + 6.5 months), Excluding the postoperative 
deaths, the recurrence rates were 67.9% in the former 
group and 33.3% in the latter group (0.1 < p < 0.05). 
Second hepatic resection was possible in eleven patients 
of the group with AR positive HCCs and in one patient 
of the AR negative group. — 


Long-term Survival 


Cumulative survival curves for both groups of patients 
are shown in Figure 1. In order to discover whether the 
presence or absence of ARs in HCC influences the survival 
rate, the operative deaths were excluded. The 1- to 5-year 
survival rates in the AR positive and AR negative groups 
wer2 84.0% and 100%, 78.8% and 62.2%, 55.2% and 
62.2%, 34.5% and 62.2%, and 17.3% and 62.2%, respec- 
tively. The difference was statistically significant during 
the period of 11-22 months and after 54 months after 
operation. (p < 0.05). 


Discussion - 


Although HCC usually grows very quickly and the nat- 
ural history of this tumor is short, several authors reported 
patients who survived for a relatively long time after his- 
tolcgic diagnosis of HCC.'*!> Thus the characteristics of 
HCC vary from patient to patient, as in other malignant 
tumors. 

Several investigative groups, '*'? including ourselves, ° 
have already clarified that the cytosol and nucleosol of 
HCC contain AR. We have shown that ARs are detectable - 
in most of the HCCs of men and that these ARs take up 
extrinsically given testosterones.'? Forbes et al. have 
found objective responses in five of 25 patients with non- 
resectable HCCs by the treatment with an anti-androgen, 
cyproterone acetate. We have also obtained a similar result 
which will be reported elsewhere. 
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Recently, Bannister et al.*! and Ostrowski et al.”? re- 
ported that the development of HCC is strongly related 
to the increased hepatic AR concentrations in diethylini- 
trosamine-induced hepatocarcinogenesis of rats. Several 
years ago, Morris et al.” found that, in a hepatic carci- 
nogenesis model in rats with 2-diacetylaminofluorene, 
HCC occurs more frequently in intact males and castrated 


females treated with testosterone than in intact females, | 


castrated males, castrated females, and castrated males 
treated with diethylstilbestrol. The results of Bannister et 
al. and Ostrowski et al. seem to support the validity of 
this classical study of Morris et al. showing that HCC 
occurs more frequently in androgenic conditions. 

As previously mentioned, several authors have sug- 
gested prognostic factors after resection of HCCs that may 
influence the patients’ survival. Hsu et al.” reported that 
tumor size and invasiveness were the most important fac- 
tors for increasing the likelihood of survival. According 
to Lee et al.,’ better survivals were obtained in the patients 
who had asymptomatic tumors, noninvasive tumors, ad- 
equate surgical margin, or second or third hepatic resec- 
tions. Nagao et al.® observed a better survival rate in such 
subgroups of patients as those with a low preoperative 
AFP level, small tumors, or tumors with capsules. None 
of these authors found any difference in the survival rates 
of male and female patients. 

Concerning the effect of sex on the long-term survival, 
our result was different from the above-mentioned studies. 
In 137 cases of radical hepatic resection, the 5-year survival 
rate was 52% for women but only 19% for men. This was 
statistically significant. We assume that this difference was 
reflected by the fact that AR exists in 74% of HCCs in 
men and in 38% of HCCs in women,” and that, through- 
out the postoperative period, the serum androgen level is 
significantly higher in men than in women. 

In our present study, the prognosis of 45 patients of 
both sexes was evaluated in terms of the presence or ab- 
sence of AR in the tumor. The recurrence rate was higher 
(0.05 < p < 0.1) and the 5-year survival rate was signifi- 
cantly (p < 0.05) lower in those with AR positive HCCs 
than in those with AR negative tumors. This result tallies 
well with the poor prognosis in male patients. In conclu- 
sion, it is likely that testosterones enhance the growth and 
invasiveness of HCC, which is mediated by ARs in the 
tumor. This characteristic will provide a potential use of 
anti-androgen therapy for this difficult malignant tumor. 
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Hepatic Resection of Metastasis from 


- Colorectal Carcinoma: 


Morbidity, Mortality, and Pattern of Recurrence 





ALBERTO HOLM, M.D.," EDWIN BRADLEY, PH.D.,t and JOAQUIN S. ALDRETE, M.D.* 


To identify the factors that determine the morbidity and mortality 
of liver resection of metastases from colorectal carcinoma and 
the variables that may influence the pattern of recurrence, the 
survival time and the disease-free rate, a univariate and-multi- 
variate statistical analysis (30 variables using Student’s t-test, 
Fischer’s exact test, and chi square test) was performed. Intra- 
operative blood loss of > 3500 ml was found to be a significant 
risk factor to developing postoperative complications (p < 0.05 
by x’). After a mean follow-up of 25.8 months, 26 of the 35 
patients studied (74%) had recurrent disease.In the univariate 
analysis, the following factors appear to be reliable predictors 
of early recurrence: poor degree of differentiation of the primary 
colorectal tumor, the presence of multiple liver metastases, the 
male gender, and the presence of tumor at the margin of the 
resected hepatic tissue (p < 0.05). However, only the latter two 
factors appeared also to affect the survival time and the disease- 
free rates at 2 years after hepatic resection of metastases (p 
< 0.05). In the multivariate analysis (factors tested simulta- 
neously), presence of an advanced liver metastatic disease (Stage 
II or IIT) consistently indicated early recurrence and poor survival 
(p <0.005). The liver was the most common site of recurrence— 
as the sole site of recurrence (54%) or in combination with other 
sites (88%)—followed by the lungs (31%) and the site of colonic 
resection (8%). Twenty-nine (83%), 14 (40%), and nine (26%) 
patients survived without recurrent disease at 1, 2, and 3 or more 
years, respectively, after hepatic resection of metastases. In six 
patients (17%), no significant palliation was noted, primarily be- 
cause of early recurrence.{ < 6 months). From this data, resection 
of hepatic metastases from colorectal cancer appears to offer a 
realistic therapeutic option to a selected group of patients, but 
only if the resective procedure can be performed with an operative 
mortality rate of less than 5%. ‘ 


rectal cancer every year in the United States.’ Several 
clinical and autopsy studies have shown that at least 
20% of those patients have liver metastases; in a small 
subset (5-15%) of these patients, the hepatic metasta- 


Í T IS ESTIMATED that 130,000 people develop colo- 
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ses are confined to a localized area of the liver, making 
these lesions amenable to excision with the potential for 
care.” 

Because recently published series have achieved repro- 
ducible 5-year survival rates of 20-30% with an operative 
mortality of less than 10% after resection of the primary 
colorectal tumor (PCRT) and the localized hepatic me- 
tastases, a keen interest in the resection of hepatic me- 
tastases has resurged.®? 

Because of the need for factual information that ana- 
lvzes not only the risks and limitations of hepatic resection, 
tut elso the actual benefit of the procedures in terms of 
length and quality of life, this study was designed to iden- 
tify the factors that determine the morbidity and mortality 
cf liver resection of metastases from colorectal carcinoma 
and, more specifically, the prognostic value of some vari- 
ables that influence the pattern of recurrence, the survival 
time. and the length of the disease-free interval. 


Methods 


The experience with 35 patients who underwent hepatic 
resection of metastases from PCRT during a 10-year pe- 
riod [1977—1986) at the Hospital of the University of Al- 
abama at Birmingham was retrospectively analyzed. The 
following parameters of each case were compiled, tabu- 
lated, and analyzed: location of the PCRT, syncronicity - 


cr metachronicity of the hepatic metastases, their distri- 


bution, number and size; the type and extension of the 
hepatic resection, the pathology findings, the postoperative 
complications, the mortality, and the follow-up data. 
To evaluate the extent of the hepatic metastases ex- 
pressed in percentage of the total liver volume (Hr; < 25%, 
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H,: 25-50%, and H; > 50%), as well as the multiplicity 
of the metastases as to whether they were solitary (S), 
multiple (M), unilobar (U), or bilobar (B), the method 
proposed by Gennari et al.’° and the Milan Staging, I: 
Hs; Il: Hym H;b - Hos and, IN: Hym - Hb - Hs - H3m 
- H3b were used. The metastatic liver disease was also 
evaluated according to the system proposed by the group 
from the Memorial Sloan-Kettering Cancer Center"! as: 
Stage I—metastatic disease confined to the resected por- 
tion of the liver; Stage II—regional spread from the liver, 
including positive margins of resection; and Stage HI— 
metastases to extrahepatic sites. Additionally, careful 
analysis of the time of appearance, the location and the 
extent of the recurrent disease, as well as the survival pe- 
riod and the disease-free rates at 1, 2, and 3 or more years 
after the resection of the hepatic metastases. All values 
are expressed as means (x) and variances; the latter stated 
as standard error of the mean (+ 1 SEM). All variables 
were entered and selected stepwise in order of statistical 
significance; the analysis included Student’s t-test (two- 
sample unpaired data) for disease-free intervals, Fischer’s 
exact test (two-tail) for survival and disease-free rates, and 
the chi square test (xô) for dichotomous variables. The 
variables were tested both separately (univariate analysis) 
and simultaneously (multivariate). | 


Results 


Of the 35 patients studied, 20 (57%) were women and 
15 (43%) were men; their ages ranged from 42 to 84 years 
(58.2 + 1.9 years). All primary tumors were adenocarci- 
nomas; 29 (83%) were located in the colon, and six (17%) 
were located in the rectum. The distribution, the histologic 
differentiation and locoregional stage of the PCRT are 
summarized in Table 1. 

The diagnosis of the PCRT and the liver metastases 
was synchronous in 15 patients (43%), whereas in 20 pa- 
tients (57%), the presence of the hepatic metastases was 
detected from 3 to 24 months (10.1 + 1 months) after the 
resection of their PCRT (metachronous metastases). 


Operative Procedures 


The hepatic metastases were resected simultaneously 
with the PCRT in eight patients (23%), whereas another 
27 patients (77%) underwent metachronous resection. The 
. location and extent of the hepatic metastases determined 
the type and extention of the hepatic resection; a wedge 
resection was performed in tweive patients (34%) and an 
anatomic resection was performed in 23 (66%). Further 
details of the operative procedures, the margin of hepatic 


resection, and the staging of the liver metastatic disease — 


are summarized in Table 2. 
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TABLE 1. Characteristics of the Primary Tumors 
and Liver Metastases 


No. of 
Variables Patients (%) 
Colorectal Cancer 
Primary location 


Ascending colon 8 (23) 
Transverse 3 (9) 
Descending 7 (20) 
Sigmoid 11 (3D 
Rectum 6 (17) 
Differentiation 
Well 3 (9) 
Moderate 8 (23) 
Poor 24 (68) 
Stage of tumor (TNM classification) 
I 
H 6 (17) 
Ill 14 (40) 
IV 15 (43) 
Liver Metastases 
Distribution 
Unilobar 27 (77) 
Bilobar 8 (23) 
Tumors 
Solitary 11 (31) 
Multiple (2-4) 24 (69)* 
Diameter 
<5 cm 29 (83) 
5-10 cm 5 (14) 
>10 cm 1 (3) 


* In eight of these patients, the metastases were located in both lobes. 


Morbidity and Mortality 


Postoperative complications occurred in 16 patients 
(46%), four of whom experienced these complications after 
minor liver resections and twelve of whom experienced 
complications after major resections. Of the 23 patients 
who had major resections, complications developed in 
twelve (52%), compared with only four (33%) of the twelve 
patients who underwent wedge resections. 

Most complications were minor, but of the six major 
complications (37%), five occurred after formal anatomic 
liver resections. The most common complications ob- 
served were atelectasis in five patients (31%), prolonged 
jaundice in three (19%), and bile leakage in two (12%). 
In addition, none of the patients underwent reoperation 
because of complications; the hospital convalescence 
ranged from 6 to 22 days (12.31 + 0.66 days), and the 
30-day operative mortality was 0%. 

Intraoperative blood loss as estimated by the anesthe- 
siologist ranged from 650 to 6600 ml (3400 + 718 ml). 
Of the 14 patients (40%) whose blood loss was >3500. 
ml, postoperative complications developed in ten (71%), 
as compared to only six (28%) of the 21 (60%) patients 
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TABLE 2. Type of Operation, Pathology, and Case Distribution 
According to the Percentage of Hepatic Repiacement by Tumor 
and Staging of the Liver Metastatic Disease 


No. of 
Variables Patients (%) 
Minor resection 
Right wedge 3 
Left wedge 5 12 (34) 
Combined wedge* 4 
Major resection 
Left lateral segmentectomy 7 
Right lobectomy 9 
Left lobectomy 3 23 (66) 
Right trisegmentectomy* 2 
Any major resection plus wedge* 2 
Margin of hepatic resection involved with tumor 
Negative 25 (71) 
Positive 10 (29) 
Hepatic replacement by tumor 
H, 18 (54) 
H, 16 (43) 
H; I (3) 
Staging (Milan) 
I 10 (28) 
II 9 (26) 
III 16 (46) 
Staging (Sloan-Kettering) 
I 19 (54) 
I 15 (43) 


Hi : 1 (3) 


* Performed for bilobar disease. 


whose blood loss was < 3500 ml (p < 0.05). Tables 3 and 
4 shows the postoperative complications, and the range 
and mean of the intraoperative blood loss according to 
the type of liver resection performed. 


Recurrence 


The postoperative follow-up ranged from 12 to 60 
months (25.8 + 2.2 months). Twenty-six patients (74%) 
had recurrence after liver resection for colorectal meta- 
static carcinoma; all of these patients were asymptomatic 
before relapse. The location of recurrence and the disease- 


TABLE 3. Postoperative Morbidity 
| Type of Resection 


Type of Complication Wedge Major 
Minor 
Atelectasis 2 
Prolonged jaundice 


Prolonged ileus , l 


me tas Ua 


Major 

- Bile leakage 
Enterocutaneous fistula 
Pneumonia 1 
Hemidiaphragm paralysis 


pæd pt pt RÈ 
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TABLE 4. Postoperative Blood Loss 


Type of Operation Blood Loss (ml) 
650-2100 (1658 + 106) 
2100-4900 (3216 + 406) 
4900-5500 (5133 + 186) 
2700-6600 (4070 + 341) 


Wedge resection 

Left lateral segmentectomy 
Combined procedure 
Formal lobectomy 


free interval (DFI) for each single and/or combined vari- 
able are shown in Table 5. 

The overall DFI from the time of the liver resection of 
metastases to the time of appearance the recurrence ranged 
from 5 to 36 months (15.63 + 2.17 months). Seventeen 
patients (65%) had recurrence at one single site (17.2 
+ 2.78 months); in 14 patients (82%), the liver was in- 
volved, and in three (18%), the lungs were involved. Nine 
patients (35%) had recurrence at multiple sites (12.8 
+ 3.47 months); in nine patients (100%), the liver and 
other organs were involved), in five patients (56%), the 
lungs and other organs were involved, in two (22%), the 
colon and other sites were involved, and in one (11%), 
the bones plus other sites were involved. In total, the liver 
was the site of recurrence in 23 patients (83%), the lungs 
was the site of recurrence in eight (31%), and the colon 
was site of recurrence in two (8%). 

The single variables that were associated with early re- 
currence in order of statistical significance were: degree 
of histologic differentiation of the primary tumor (poor 
ys. well or moderate; p < 0.005), the patient-zender (men 
ys. women; p < 0.01), the number of liver metastases 
(multiple tumors ys. solitary; p < 0.01), and the presence 
of tumor in the margin of hepatic resection (positive vs. 
negative; p < 0.05). All of the other single variables failed 
to show any significant variation on the DFI and were 
not statistically significant. 

When the extent of liver metastatic disease was analyzed 
by the Milan and Sloan-Kettering systems, it was found 
that the patients categorized as Stage III had early recur- 
rence when compared with those patients in Stage I, (p 
< 0.05). 

The following categories were associated with a high 
recurrence rate (> 85%): bilobar liver metastatic involve- 
ment, margins of hepatic resection involved with tumor, 
wedge resection, poor differentiation of the PCRT, lo- 
coregional Stage IV, and presence of Stage IJ or III liver 
metastatic disease by the Sloan-Kettering classification. 
The patients who underwent major hepatic resection had 
a considerably lower recurrence rate (65%) than those pa- 
tients who underwent wedge resection (92%); however, 
the DFI was not significantly different for each category. 


Survival and Disease-Free Rates 


Of the 35 patients studied, all (100%) were alive at 1 
year after resection of the hepatic metastasis; 20 patients 
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TABLE 5. Analysis of Recurrence: Location and DFI 


Location of Relapse 





No. of Isolated 
Patients With Multiple 
Variables Category Recurrence" (%) Liver Lung Sites DFI Months p-value 
Gender Women 14 (70) 9 l 4 20.14 + 2.36 
Men 12 (80) 5 2 5 11.83 + 1.76 0.010 
Primary tumor 
Site Colon 23 (79) 12 3 8 16.08 + 1.94 
Rectum 3 (50) 2 l 14.33 + 1.20 0.752 
Differentiation Well or Moderate 19 (70) 12 2 5 17.89 + 2.07 
Poor 7 (87) 2 l 4 7.14 + 1.03 0.005 
Stage H+ 13 (65) g ] 4 15.38 + 3.09 
IV 13 (87) 6 2 5 15.00 + 1.47 0.911 
Liver metastases 
Timing disease Synchronous 12 (80) 6 2 4 15.00 + 1.82 
Metachronous 14 (70) 8 l 5 16.07 + 2.86 0.763 
Distribution Unilobar 18 (67) 7 3 8 16.94 + 2.21 
Bilobar 8 (100) 7 l 12.12 + 1.94 0.192 
Metastases Solitary 7 (64) 4 1 2 22.14 + 3.38 
Multiple 19 (79) 10 2 7 12.63 + 1.76 0.013 
Tumor diameter <5 cm 21 (72) 12 2 7 16.04 + 2.01 
>5 cm 5 (83) 2 1 2 15.40 + 2.71 0.883 
Hepatic replacement H, 12 (67) 5 1 6 18.25 + 2.98 
H, + H; 14 (82) 9 2 3 15.14 + 1.98 0.382 
Milan stage I 6 (60) 4 2 23.83 + 3.46 
II 7 (78) 3 l 3 14.14 + 3.36 0.005 
iil 13 (81) 7 2 4 13.15 + 1.60 
Sloan-Kettering Stage I 12 (63) 8 l 3 19.83 + 2.63 
Stage II + III 14 (87) 6 2 6 13.21 + 1.79 0.044 
Operation 
Timing operation Simultaneous 6 (75) 4 2 15.87 + 1.91 
Metachronous 20 (74) 10 3 1 16.22 + 2.31 0.926 
Type resection Wedge or Partial 11 (92) 6 2 3 18.63 + 2.88 
Major 15 (65) 8 l 6 16.06 + 2.21 0.478 
Margin resection Negative 16 (64) 5 3 8 19.28 + 1.20 
Positive 10 (100) 9 l 12.88 + 2.07 0.049 


* Of the total number of patients per each category. 


(57%) were alive at 2 years, and eleven (31%) were alive 
at 3 or more years. Table 6 shows the statistical analysis 
on survival and disease-free rates at 2 years after operation. 

The single variables that significantly affected the sur- 
vival and disease-free rates at 2 years after liver resection 
of metastases were the patient-gender (27% and 20% for 
men versus 80% and 55% for women for survival and 
disease-free rates, respectively; p < 0.05), and the margin 
of hepatic resection (20% and 10% for positive versus 72% 
and 52% for negative for survival and disease-free rate, 
respectively; p < 0.05). 

The analysis of combined variables to evaluate the role 
of the stage of the liver metastatic disease on survival and 
. disease-free rates showed that the presence of Stage III 
liver disease (Milan classification) was accompanied by a 
limited 2-year survival rate of 37% and z disease-free rate 
of 19%, compared with the survival and disease-free rates 
of 80% observed in patients with Stage I liver disease (p 
< 0.05 for survival, and p < 0.005 for DFI, respectively). 
Furthermore, the presence of Stage II or ITI liver metastatic 
disease (Sloan-Kettering classification) was accompanied 


by a 2-year survival rate of 31% and a disease-free rate of 
12%, compared with a survival rate of 79% and a disease- 
free rate of 63% found in patients with Stage I liver disease 
(p < 0.005 for both categories). 

There was no significant difference in the survival and 
disease-free rates of more than 2 years for the patients 
who underwent simultaneous resection (survival rate of 
50% and disease-free rate of 25%), compared with those 
who had separate operations (survival rate of 59% and 
disease-free rate of 44%). The type of liver resection per- 
formed neither influenced the survival time (65% for ma- 
jor versus 42% for wedge) nor the disease-free rate (43% 
for major versus 33% for wedge) (p-value not significant 
NS by x?, for both categories). 

The single and multivariate analysis allowed the cate- 
gorization of the patients into three groups: Group 1— 
patients alive and free of disease; Group 2-—patients free 
of disease for a short time (< 1 year), including those who 
were lost to follow-up; and Group 3—patients with poor 


_ survival and/or earlier recurrence (< 6 months). The nu- 


merical data of this categorization is shown in Table 7. 
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TABLE 6. Survival and Disease-Free Rates at 2 Years 





Total 
No. of 
Variables Category Patients 
Gender Women 20 
Men 15 
Primary tumor 
Site Colon 29 
Rectum 6 
Differentiation Well or Moderate 27 
Poor g 
Stage H+ 20 
IV 15 
Liver metastases 
Timing disease Synchronous 15 
Metachronous 20 
Distribution Unilobar 27 
Bilobar 8 
Metastases Solitary 11 
Multiple 24 
Tumor diameter <5 cm 29 
>5 cm 6 
Hepatic replacement H, 18 
H; + H; 17 
Milan stage I 10 
I 9 
IH 16 
Sloan-Kettering Stage I 19 
Il + I 16 
Operation 
Timing operation Simultaneous 8 
Metachronous 27 
Type resection Wedge or Partial 12 
Major 23 
Margin resection Negative 25 
Positive 10 
Discussion 


In most series, the mean survival time of patients with 
untreated hepatic metastases from colorectal carcinoma 
is approximately 6 months, and although there are some 
reports of long-term survivors, virtually all untreated pa- 
tients die within 24 months after liver metastases are de- 
tected, !?!6 

Resection of hepatic metastases from colorectal carci- 
noma is a realistic therapeutic option that offers the best 


TABLE 7. Analysis of Groups 


No. of 
Groups Patients (%) 
Group | (patients alive and disease-free interval) 
1 year 29 (83) 
2 years 14 (40) 
>3 years 9 (26) 


Group 2 (patients with probable surgical failure) 


Short time of DFI 6 (17) 
No good controls 4 (11) 
Group 3 (patients with no significant palliation) 4 (11) 


Disease-Free 
No.of -` No. of 
Survivals (%) p-value Patients (%) p-value 
16 (80) 11 (55) 
4 (27) 0.002 3 (20) 0.046 
16 (55) 11 G8) 
4 (67): 0.680 3 (50) 0.664 
15 (56) 11 (41) 
1.000 1.000 
5 (62) 3 (37) 
13 (65) 0.32 10 (50) 0.296 
7 (47) 4 (27) 
7 (47) 0.321 4 (27) 0.296 
13 (65) 10 (50) 
17 (63) 0.246 13 (48) 0.108 
3 (37) 1 (12) 
8 (73) 0.281 7 (64) 0.073 
12 (50) 7 (29) 
17 (59) 1.000 12 (41) 1.000 
3 (50) 2 (33) 
13 (72) 0.082 10 (55) 0.075 
7 (41) 4 (24) 
8 (80) 0.628 8 (80) 0.070 
6 (67) 3 (33) 
6 (37) 0.050 3 (19) 0.004 
15 (79) 0.005 12 (63) 0.005 
5 (31) 2 (12) 
4 (50) 0.700 2 (25) 0.431 
16 (59) 12 (44) 
5 (42) 0.282 4 (33) 0.721 
15 (65) 10 (43) 
18 (72) 0.008 13 (52) 0.028 
2 (20) 1 (10) 


prospect of survival in a selected group of patients. In the 
experience of a single institution as reported by Wilson 
and Adson,” the overall survival rate at 5 years was 28%; 
Hughes et al.,!® using data from multiple institutions, re- 


‘ported a 5-year survival of 24%. 


The operative mortality rate for liver resection of me- 
tastases secondary to colorectal carcinoma has varied from 
0 to 10%.*>©? In the present study, there were no operative 
deaths; however, the morbidity rate was 46%; lobectomies 
and extended lobectomies had higher and more serious 
morbidity. Another factor associated with high morbidity 
was blood loss of more than 3500 ml. 

The reported incidence of recurrence after the resection 
of the hepatic metastases from colorectal tumors has var- 
ied from 48% to 80%, the liver being the most common 
site of recurrence, followed by the lungs and the perito- 
neum,271!19-23 

The DFI after resection of hepatic metastases has been 
reported by Ekberg et al.*' to be 9 months on average; in 
their study, the liver was the site of recurrence in 83% of 
the cases, the lungs was the site of recurrence in 22%, and 
the site of the colonic resection was the site of recurrence 
in 15%. 
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In the present study, the overall incidence of recurrence 
(74%), the DFI (15.63 + 2.17 months), the initial sites of 
recurrence (65% for single-organ sites and 35% for mul- 
tiple sites), and the rate of extrahepatic recurrence (46%) 
were similar to those reported in previously published se 
ries, 791121,2 

Several published studies'!°?5 have shown that patients 
who have bilobar hepatic metastases, extensive replace- 
ment of their liver by tumor, extrahepatic metastases, and/ 
or margins of resection involved with tumor are more 
likely to have early recurrence, and thus, postresection 
survival periods of less than 1 year. Because of contro- 
versial findings in other studies,®?:!''®7!? the degree of 
differentiation and the locoregional stage of the PCRT 
cannot be considered as valid determining factors for long- 
term survival after resection of the hepatic metastases. 
There is little information regarding the influence of the 
gender of the patients; Adson et al.”* reported that women 
had a far more favorable prognosis. 

The true meaning of the presence of multiple hepatic 
metastases versus single lesions as regards prognosis de- 


serves comment. It has been reported that the survival . 
period of patients with multiple liver metastases is shorter — 


than the that of patients with solitary metastases after their 
resection; the 2-year survival rate for patients with multiple 
metastases has ranged from 20% to 73%.*°* Nevertheless, 
more recent studies®!' have not found a statistically sig- 
nificant difference in survival rates after liver resection in 
patients with single versus multiple hepatic metastases. 

The findings of the present series suggest that the factors 
predicting early recurrence were poor histologic differ- 
entiation of the primary tumor, the male gender, the pres- 
ence of multiple metastases, and a margin of liver resection 
involved with tumor. However, the two variables that ap- 
peared to significantly affect the prognosis (i.e., 2-year 
survival and disease-free rates) were the male gender and 
a positive margin of hepatic resection. In concurrence with 
other studies,°!!7°" the site of the primary tumor, the 
time of detection of the hepatic metastases, and the size 
of the largest metastases have not been found to be im- 
portant prognostic factors. 

Because adequate staging of the metastatic liver disease 
appears to be essential in attempting to predict the survival 
after resection of the hepatic metastases, it is highly de- 
sirable to use statistical methods that simultaneously an- 
alyze several factors. The multivariate analysis appears to 
be one of the best of such methods. It was used by Gennari 
_ et al.,'° who found that the stage of the liver disease was 
the most important parameter in relation to the overall 
recurrence rate (47% for Stage I, 62% for Stage I, and 
81% for Stage III). Using similar methods, Fortner et al." 
reported a 3-year survival rate of 66%, 58%, and 0% in 
patients with Stage I, Stage II, and Stage III liver metastatic 
disease, respectively. . 

Using multivariate analysis (Milan stage) in the present 
study, we found that patients who had Stage III metastatic 
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liver disease were at a significantly higher risk for early 
recurrence (13.15 + 1.6 months) and that the duration of 
their survival and disease-free period at 20 years were 
markedly reduced (37% and 19%, respectively). Further- 
more, when the liver metastatic disease was evaluated ac- 
cording to the location and extent of metastases (Sloan- 
Kettering staging), the presence of an advanced liver met- 
astatic disease (Stage II or III) correlated with an earlier 
recurrence (13.21 + 1.79 months), as well as with a limited 
2-year survival rate (31%) and disease-free rate (12%). A 
very high recurrence rate in the remaining liver was ob- 
served in patients with bilobar disease (87%) and in those 
patients who had tumor in the margins of their liver re- 
sections (90%). It also should be noted that all of the pa- 
tients of these two subgroups also had extrahepatic re- 
currences. 

Therefore, from the findings of these two previously 
quoted analyses''*? and our own results, it appears clear 
that the presence of advanced metastatic liver disease, 
manifested mainly by involvement of both lobes and 
larger areas of involvement that cannot be resected with 
adequate margins (2 cm from the tumor), is the most 
significant determining factor for an unfavorable prog- 
nosis, and emphasizes the need for evaluation of the met- 
astatic liver disease by multivariate analysis in order to 
more accurately assess the prognosis. 

Our study concurs with other publications 
in suggesting that the survival period and rate of recur- 
rence are not different for simultaneous and metachronous 
resections of the liver metastases. 

The extent of hepatic resection has been evaluated in 
several studies!*°*!,28.29 and appears to have no bearing 
on survival time; some series?’°° have found that per- 
forming a wedge excision can be as effective as extended 
or major resections, as long as adequate margins of re- 
section are obtained and all of the metastatic deposits are 
removed. We concur with other reports®?!!142526 that 
despite adequate resection of the hepatic metastases, the 
threat of recurrence remains because of the possibility of 
multiple nondetectable neoplastic foci already present in 
the residual hepatic tissue, or because of circulating ma- 
lignant cells that subsequently seed themselves in unpre- 
dictable sites. In this study, the type of liver resection per- 
formed did not influence the DFI or the recurrence rate 
in the remaining liver. Therefore, one can postulate that 
failure of resection of hepatic metastasis is more dependent 
on the biologic inherent behavior of the metastases than 
on the extensiveness of the hepatic resection performed. 
Nevertheless, our experience is in accordance with other 
studies®”+!!.17:1822.27 that clearly show that resection of he- 
patic metastases from colorectal tumors can significantly 
prolong survival when compared with the results observed 
in several control studies of untreated patients.'*!4 How- 
ever, it must be recognized that not all survivors will re- 
main free of disease, and that eventually some will suc- 
cumb to the recurrence of their primary tumors. Thus, 


3,6,11,20,24,27 
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the actual role of surgical resection of liver metastases 
should be evaluated by combining the survival and the 
disease-free rates. 

In the present series, although all patients survived for 
at least 12 months after resection of their hepatic metas- 
tases, only 20 (57%) and 11 patients(31%) were alive at 2 
and 3 or more years, respectively. The analysis of the 
disease-free rate among survivors permitted separation of 
those patients who truly benefited from the resection from 
those patients who had no significant palliation. 

Twenty-nine patients (83%) remained alive and free of 
disease for at least 12 months, and 14 (40%) were disease- 
free for 2 years after the resection of their hepatic metas- 
tases. Because these patients had not reached the 3-year 
mark without recurrence when this study was completed, 
the role of surgical resection of liver metastases in this 
subset of patients can only be suggested as significant pal- 
liation. Nine patients (26%) are alive without recurrent 
disease at 3 or more years, and six (17%) had survived for 
5 years; in this subset, the surgical resection can be estab- 
lished as truly beneficial in the former and/or possibly 
curative in the last patients mentioned. 

Six other patients were free of disease for only a short 
time (< 1 year), and four of these patients had a very early 
recurrence (< 6 months). Thus, these patients did not 
receive any objective or substantial benefit from the op- 
eration, because no significant palliation was observed and 
because the expected survival time could have been the 
same with or without resection of their metastases. 

All of this information suggests that, although resection 
of hepatic metastases from PCRT can prolong the survival 
period of most of the patients of a selected group, the 
delayed recurrences dictated that the possible cure of these 
patients must be judged with some degree of skepticism. 
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At risk for aminoglycoside toxicity: 


The elderly. 


AZACTAM — safer than 
aminoglycosides for elderly 
patients* 


For a variety of reasons, including their often 
debilitated condition and serious underlying 
diseases, elderly patients have been reported to 
be at increased risk for aminoglycoside-associated 
toxicities.! AZACTAM represents a safer 
alternative for the treatment of gram-negative 
infections in these patients, an alternative that is 
free from the risks of nephrotoxicity’ and 
ototoxicity.?* 


AZACTAM — the first monobactam — 
as effective as the aminoglycosides 


In addition to its increased margin of safety, 
AZACTAM offers clinical and microbiological 
effectiveness equal to aminoglycosides in the 
treatment of gram-negative infections, such as 
peritonitis, intraabdominal abscess, and 
gangrenous appendicitis.® Its bactericidal activity 
is well suited for monotherapy when a susceptible 
gram-negative pathogen has been identified and 
is an ideal complement to gram-positive or 
anaerobic agents when empirical therapy is 
indicated. 





*Dosage adjustment, based on estimated creatinine clearance, may be 
necessary in elderly patients. 

"Demonstrated in animal studies and in human volunteer studies. In clinical 
trials involving 4,570 subjects, transient elevations in serum creatinine were 
rarely observed. 


For a discussion of INDICATIONS AND USAGE (including 
susceptible organisms), CONTRAINDICATIONS, WARNINGS, 
PRECAUTIONS, and ADVERSE REACTIONS, please consult the 
full prescribing information printed in this publication. 


The logical alternative to aminoglycosides 


Azactam instead. 





aztreonam 
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The logical alternative to aminoglycosides 


Azactam instead. 


AZACTAM® FOR INJECTION 
Aztreonam For Injection 


DESCRIPTION—AZACTAM (aztreonam, Squibb) is the first member of a new class 
of antibiotics classified as monobactams. AZACTAM is a totally synthetic bacteri- 
cidal antibiotic with activity against a wide spectrum of gram-negative aerobic 
pathogens. The monobactams, having a unique monocyclic beta-lactam nucleus, 
are structurally different from other beta-lactam antibiotics. 

AZACTAM For Injection is a sterile, nonpyrogenic, sodium-free, white to 
yellowish-white lyophilized cake, containing approximately 780 mg arginine per 
gram of aztreonam for intramuscular or intravenous use following constitution. 
Aqueous solutions of the product have a pH in the range of 4.5-7.5. 


INDICATIONS AND USAGE—Before initiating treatment with AZACTAM, appropri- 
ate specimens should be obtained for isolation of the causative organism(s) and 
for determination of susceptibility to aztreonam. Treatment with AZACTAM may be 
started empirically before results of the susceptibility testing are available; sub- 
sequently, appropriate antibiotic therapy should be continued. 

AZACTAM For Injection is indicated for the treatment of the following infections 
caused by susceptible gram-negative microorganisms: Urinary Tract Infections 
(complicated and uncomplicated), including pyelonephritis and cystitis (initial 
and recurrent) caused by Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, 
Pseudomonas aeruginosa, Enterobacter cloacae, Klebsiella oxytoca*, Citrobacter 
species* and Serratia marcescens*. Lower Respiratory Tract Infections, includ- 
ing pneumonia and bronchitis caused by Escherichia coli, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Haemophilus influenzae, Proteus mirabilis, Enterobacter 
species and Serratia marcescens*. Septicemia caused by Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus mirabilis*, Serratia 
marcescens* and Enterobacter species. Skin and Skin-Structure Infections, 
including those associated with postoperative wounds, ulcers and burns caused 
by Escherichia coli, Proteus mirabilis, Serratia marcescens, Enterobacter species, 
Pseudomonas aeruginosa, Klebsiella pneumoniae, and Citrobacter species”. Intra- 
abdominal Infections, including peritonitis caused by Escherichia coli, Klebsiella 
species, including K. pneumoniae, Enterobacter species including E. cloacae", 
Pseudomonas aeruginosa, Citrobacter species” including C. freundii* and Serratia 
species* including S. marcescens*. Gynecologic Infections, including endome- 
tritis and pelvic cellulitis caused by Escherichia coli, Klebsiella pneumoniae", 
Enterobacter species* including E. cloacae*, and Proteus mirabilis". 

AZACTAN is indicated for adjunctive therapy to surgery in the management of 
infections caused by susceptible organisms, including abscesses, infections com- 
plicating hollow viscus perforations, cutaneous infections and infections of se- 
rous surfaces. AZACTAM is effective against most of the commonly encountered 
gram-negative aerobic pathogens seen in general surgery. 


Concurrent Therapy—Concurrent initial therapy with other antimicrobial agents 
and AZACTAM is recommended before the causative organism(s) is known in 
seriously ill patients who are also at risk of having an infection due to gram- 
positive aerobic pathogens. If anaerobic organisms are also suspected, therapy 
should be initiated using an antianaerobic agent concurrently with AZACTAM. 
Certain antibiotics (e.g., cefoxitin, imipenem) may induce high levels of beta- 
lactamase in vitro in some gram-negative aerobes such as Enterobacter and Pseu- 
domonas species, resulting in antagonism to many beta-lactam antibiotics 
including aztreonam. These in vitro findings suggest that such beta-lactamase 
inducing antibiotics not be used concurrently with aztreonam. Following identifi- 
cation and susceptibility testing, appropriate antibiotic therapy should be 
continued. 


CONTRAINDICATION—Aztreonam is contraindicated in patients with known al- 
lergy to this antibiotic. 


WARNINGS—Careful inquiry should be made for a history of hypersensitivity re- 
action to any antibiotic or other drugs. Antibiotics should be given with caution to 
any patient who has had some form of allergy, particularly to drugs. It is 
recommended that patients who have had immediate hypersensitivity reactions 
(e.g., anaphylactic or urticarial) to penicillins and/or cephalosporins should be 
followed with special care. If an allergic reaction to aztreonam occurs, discon- 
tinue the drug and institute supportive treatment as appropriate (e.g., mainte- 
nance of ventilation, pressor amines, antihistamines, corticosteroids). Serious 
hypersensitivity reactions may require epinephrine and other emergency 
measures. 


PRECAUTIONS—General: In patients with impaired hepatic or renal function, ap- 
propriate monitoring is recommended during therapy. If an aminoglycoside is 


*Efficacy for this organism in this organ system was studied in fewer than ten 


infections. 


aztreonam 





used concurrently with aztreonam, especially if high dosages of the former are 
used or if therapy is prolonged, renal function should be monitored because of 
the potential nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The 
use of antibiotics may promote the overgrowth of nonsusceptible organisms, in- 
cluding gram-positive organisms and fungi. Should superinfection occur during 
therapy, appropriate measures should be taken. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—Carcinogenicity studies 
in animals have not been performed. Genetic toxicology studies performed in vivo 
and in vitro with aztreonam in several standard laboratory models revealed no 
evidence of mutagenic potential at the chromosomal or gene level. Two-generation 
reproduction studies in rats at daily doses up to 20 times the maximum 
recommended human dose, prior to and during gestation and lactation, revealed 
no evidence of impaired fertility. There was a slightly reduced survival rate during 
the lactation period in the offspring of rats that received the highest dosage, but 
not in offspring of rats that received five times the maximum recommended hu- 
man dose. 


Pregnancy—Pregnancy Category B: Aztreonam crosses the placenta and enters 
the fetal circulation. Studies in pregnant rats and rabbits, with daily doses up to 15 
and 5 times, respectively, the maximum recommended human dose, revealed no 
evidence of embryo- or fetotoxicity or teratogenicity. No drug induced changes 
were seen in any of the maternal, fetal or neonatal parameters that were monitored 
in rats receiving 15 times the maximum recommended human dose of aztreonam 
during late gestation and lactation. There are no adequate and well-controlled 
studies in pregnant women. Because animal reproduction studies are not always 
predictive of human response, aztreonam should be used during pregnancy only 
if clearly needed. 


Nursing Mothers—Aztreonam is excreted in breast milk in concentrations that 
are less than 1% of concentrations determined in simultaneously obtained mater- 
nal serum; consideration should be given to temporary discontinuation of nursing 
and use of formula feedings. 


Pediatric Use—Safety and effectiveness have not been established in infants and 
children. 


ADVERSE REACTIONS-—Local reactions such as phlebitis/thrombophlebitis fol- 
lowing IV administration, and discomfort/swelling at the injection site following IM 
administration occurred at rates of approximately 1.9% and 2.4%, respectively. Sys- 
temic reactions (considered to be related to therapy or of uncertain etiology) oc- 
curring at an incidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and 
rash. Reactions occurring at an incidence of less than 1% are listed within each 
body system in order of decreasing severity: Hypersensitivity—anaphylaxis. 
Hematologic—pancytopenia, neutropenia, thrombocytopenia, anemia, leukocyto- 
sis, thrombocytosis. Gastrointestinal— abdominal cramps; rare cases of C. difficile- 
associated diarrhea or gastrointestinal bleeding have been reported. Dermatologic— 
purpura, erythema multiforme, urticaria, exfoliative dermatitis, petechiae, pruritus, 
diaphoresis. Cardiovascular— hypotension, transient ECG changes (ventricular 
bigeminy and PVC). Respiratory—one patient experienced flushing, chest pain, 
and dyspnea. Hepatobiliary—hepatitis, jaundice. Nervous System—seizure, con- 
fusion, vertigo, paresthesia, insomnia, dizziness. Musculoskeletal—muscular aches. 
Special Senses—tinnitus, diplopia, mouth ulcer, altered taste, numb tongue, sneez- 
ing and nasal congestion, halitosis. Other—vaginal candidiasis, vaginitis, breast 
tenderness. Body as a Whole—weakness, headache, fever, malaise. 


Adverse Laboratory Changes—Those reported without regard to drug relation- 
ship during clinical trials were: Hepatic—elevations of AST (SGOT), ALT (SGPT), 
and alkaline phosphatase; signs or symptoms of hepatobiliary dysfunction oc- 
curred in less than 1% of recipients (see above). Hemic—increases in prothrom- 
bin and partial thromboplastin times, eosinophilia, positive Coombs test. 
Renal—increases in serum creatinine. 


OVERDOSAGE-—If necessary, aztreonam may be cleared from the serum by 
hemodialysis and/or peritoneal dialysis. 


DOSAGE AND ADMINISTRATION—Dosage adjustments are recommended for 
patients with impaired renal function. In elderly patients, estimates of creatinine 
clearance should be obtained and appropriate dosage modifications made if 
necessary. 


HOW SUPPLIED—AZACTAM For Injection (Aztreonam For Injection)—Lyophilized— 
is supplied in single-dose 15 mL vials containing 500 mg, or 1 g/vial; in single- 
dose 30 mL vials containing 2 g/vial; and in single-dose 100 mL intravenous 
infusion bottles containing 500 mg or 1g or 2 g/bottle. 


Consult package insert before prescribing AZACTAM (aztreonam). 
(J4-231) 
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In order to identify risk factors in patients with acute cholangitis, 
140 clinical, biochemical, etiologic, and pathologic variables of 
449 attacks of acute cholangitis seen in one center over a 20- 
year period were analyzed. Simple regression revealed 24 factors 
with prognostic significance, but multivariate analysis detected 
only seven factors with independent significance in predicting 
„mortality (acute renal failure, cholangitis associated with liver 
abscesses or liver cirrhosis, cholangitis secondary to high ma- 
lignant biliary strictures or after percutaneous transhepatic 
cholangiography, female gender, and age). When the presence 
of each of these factors is weighted proportional to its coefficient 
of regression, patients with cholangitis could be scored on a scale 


of 0-27. A score of seven was clinically the most useful cut off— . 


388 attacks of cholangitis associated with a score of < 7 had a 
mortality rate of only 1.8%, whereas 61 attacks associated with 
a score = 7 had a mortality rate of 49%. The value of this scoring 
system needs to be confirmed in prospective studies, but it may 
prove useful, for example, in selecting a group of high-risk pa- 
tients for urgent biliary decompression in an attempt to reduce 
the mortality associated with this pathology. 


ULTIFACTOR PROGNOSTIC scoring systems 
M using clinical, biochemical, and hematologic 
indicators are well-established in the manage- 
ment of acute pancreatitis.!? They can be used to select 
a group of high-risk patients soon after admission to hos- 
pital (when the outcome of the disease is difficult to predict 
on clinical impression alone) for more vigorous moni- 
toring and aggressive treatments that would not be ap- 
plicable in the majority of patients with mild disease. 
Acute cholangitis is a disease with a spectrum of severity 
similar to that of acute pancreatitis. Many patients with 
cholangitis receive antibiotic therapy alone,** whereas 
others will develop severe suppurative or obstructive 
. cholangitis requiring urgent decompression of the biliary 
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tree and associated with a mortality of 13-88%.*'? It is 
not always clinically apparent which patients will respond 
to medical treatment alone and which will require biliary 
decompression. The mortality rate is high for patients who 
undergo delayed biliary decompression after failure of 
medical therapy. 

In the literature, there is a paucity of prognostic factors 
determined for acute cholangitis. This study was under- 
taken to identify factors useful in predicting mortality at 
an early stage in the disease process, with a view to iden- 
tifying a high-risk group of patients who might be selected 
for urgent decompression of the biliary tree. 


Patients and Methods 


A retrospective analysis of the clinical notes for all pa- 
tients treated at Paul Brousse hospital for acute cholangitis 
during the period 1963-1983 was performed. To qualify 
for inclusion in the study, patients had to present a clinical 
picture of cholestasis and infection with positive blood 
and/or bile culture and an anomaly—usually an obstruc- 
tion—of the biliary tract. 

One hundred and forty clinical, biologic, etiologic, and 
pathologic variables were analyzed against hospital mor- 
tality rate; the principle variables are shown in Table 1. 
Data were stored and analyzed on an IBM” computer 
using the chi square test or Student’s t-test. A p value of 
> 0.05 was considered statistically significant. Multivariate 
analysis was done by stepwise logistic regression. 


Results 


Four hundred and forty-nine attacks of acute cholan- 
gitis in 412 patients were analyzed. The mean age of the 
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TABLE 1. Principal Variables 
Clinical Age, sex, previous biliary history, pain, fever, rigors, 
jaundice, shock, neurologic signs, renal failure, 
gastrointestinal hemorrhage, liver abscess, 
hepatomegaly, abdominal tenderness, suppuration in 
the biliary tract, Reynold’s Pentad,'? Charcot’s Triad'* 


WCC, bilirubin, SGOT, SGPT, gamma GT, alkaline 
phosphatase, amylase, creatinine, urea, blood and bile 
culture results, number and type of organism 


Biologic 


Etiologic Causes sites and degrees of biliary abnormality 


Pathologic Associated pathologies (e.g., liver cirrhosis, liver 
abscesses, metastatic liver disease), O’Connor’s grade 
of cholangitis!? 

Treatment Type (medical/surgical/endoscopic/percutaneous) timing, 
antibiotics used, clinical response, dialysis. 





SGOT = serum glutamic oxaloacetic transaminase, 
SGPT = serum glutamic pyruvic transaminase. 


patients was 58 years; 54% of the patients were older than 
60 years of age, whereas 31% were older than 70 years of 
age. Fifty-eight per cent of the patients were women. Sixty- 
one per cent of patients had undergone previous biliary 
tract surgery, and 10% had liver cirrhosis. The etiology of 
the attacks is given in Table 2, and the bacteriology is 
shown in Table 3. The overall mortality rate was 8.2%. 
Sixty-three attacks were treated medically only (mortality 
rate of 16%), 353 attacks were treated by surgical biliary 
decompression (mortality rate of 6.5%), and 33 patients 
underwent nonsurgical decompression of the biliary tract 
(mortality rate of 12%). 

Simple regression revealed 24 factors significantly as- 
sociated with mortality (Table 4). It is interesting to note 
that Reynold’s pentad”? (fever, jaundice, abdominal pain, 
shock, and abnormal mental status) was involved in only 


TABLE 2. The Etiology of the Attacks of Acute Cholangitis 


Etiology Incidence 
Lithiasis 48% 
Common bile duct 44% 
Intrahepatic 4% 
Benign strictures 28% 
Malignant strictures 11% 
High 71% 
Low 4% 
Sclerosing cholangitis 1.5% 
Caroli’s disease 0.7% 
Radiologic 5.5% 
PTC 3.8% 
Others . 1.7% 
Others/unknown 5.3% 


PTC = percutaneous transhepatic cholangiography, 
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TABLE 3. Bacteriology 


Bile Culture Blood Culture 


Bacterial detection 99% 29% 
Single bacteria 44% 77% 
Multiple bacteria 56% 23% 

Escherichia coli 35% 53% 

Enterococcus 16% 8.7% 

Klebsiella 14% 11% 

Proteus 12.5% 6% 

Pseudomonas 9% 9% 

Enterobacter 5% 5% 

Aerobacter 3.4% 0.7% 

Staphylococcus aureus 1.4% 3.4% 

Anaerobes 0.9% 2% 

Candida 0.9% 0.7% 


3.5% of attacks, but was associated significantly with 
mortality, whereas Charcot’s original triad'* (fever, jaun- 
dice, and abdominal pain) was involved in 72% of attacks 


_and was not significantly associated with mortality. 


Multivariate analysis demonstrated seven factors with 
independent significance in predicting mortality (Table 
5). The logistic regression equation for estimating the 
probability of mortality is shown in Table 6. 

This equation can be used to provide a prognostic score 
for individual attacks of cholangitis on a scale of 0-27. 
Mortality is related in a linear fashion to the score (Table 
7). For each score, the Index of Youden was calculated. 


TABLE 4. 24 Factors Showing Ability to Predict Mortality 
Using Simple Regression 


Mortality 
Factor Characteristic Incidence (p-value) 
Clinical Age = 50 years 69.5% <0.05 
Pus in the biliary tree 6.7% <0.001 
Septic shock 7.8% <0.001 
Neurologic signs 7.0% <0.001 
Acute renal failure 9.6% <0.001 
Associated liver abscesses 5.3% <0.001 
Gastrointestinal hemorrhage 3.8% <0.001 
Hepatomegaly 26.7% <0.001 
Peritonitis 4.6% <0.001 
Reynolds pentad"? 3.5% <0.001 
Biologic WCC > 10 X 10°/L 79% <0.005 
Bilirubin > 4 mg % E8% <0.05 
Raised alkaline phosphatase 93% <0.05 
Urea > 80 mg % or creatinine 
> 2 mg % 28.5% <0.005 
Positive blood culture 29% <0.005 
Multiple organisms in the bile 56% <0.01 
Etiologic Malignant biliary stricture 11% <0.001 
Radiologic—post-PTC 3.8% <0.001 
Sclerosing cholangitis 1.5% <0.05 
Caroli’s disease 0.7% <0.001 
Pathologic | Non-biliary liver cirrhosis 4.9% <0.001 
O’Connor’s Grade I 
cholangitis’? 7% <0.001 
Liver abscesses 5.9% <0.001 
0.7% <0.001 


Liver metastases 
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TABLE 5. Multivariate Analysis of Prognostic Factors for Mortality 


Regression Standard 





Variable Coefficient Error p-value 
Acute renal failure 0.401 0.038 <0.001 
Associated liver abscesses 0.312 0.048 <0,001 
High malignant biliary stricture 0.242 0.061 <0.001 
Liver cirrhosis 0.173 0.052 <0.00! 
Radiologic cholangitis—post-PTC 0.112 0.024 <0.05 
Female sex 0.045 0.019 <0,05 
Age (>50 years) 0.0012 0.0006 «<0.05 





A score a seven appears to be the clinically useful cut-off. 
Three hundred and eighty-eight attacks associated with a 
score of < 7 resulted in a mortality rate of 1.8 %, whereas 
61 attacks associated with a score = 7 resulted in a mor- 
tality rate of 49% (p < 0.001) (Fig. 1). Using this cut-off, 
the scoring system has a sensitivity of 81% and a specificity 
of 92% in predicting mortality, and 91.5% of attacks were 
correctly predicted. 

The study confirmed the importance of the initial re- 
sponse to antibiotic therapy. Attacks that responded im- 
mediately to antibiotic therapy (n = 389) were associated 
with a mortality of 1.5%, whereas attacks that did not 
respond (n = 60) were associated with a mortality of 62% 
(p < 0.01). The same significant difference occurred re- 
gardless of whether the subsequent biliary decompression 
was surgical or nonsurgical. The same was also true for 
the 61 attacks predicted as being severe through the use 
of the scoring system (scores = 7); those attacks that re- 
sponded to initial medical therapy (n = 27) were associated 
with a mortality of 14%, whereas those that did not (n 
= 33) were associated with a mortality rate of 76% (p 
< 0.01). 


Discussion 


Several attempts have been made to define clinical and 
laboratory criteria identifying a high-risk group of patients 


TABLE 6. Logistic Regression Equation for Estimating 
the Probability of Mortality 


Dummy Scoring System 
Variable (X20) 
Mortality = 
+0.401 X acute renal failure + 8 
+0.312 X associated liver abscesses + 6 
+0.242 X high malignant biliary 
stricture + 5 
+0.173 X associated liver cirrhosis + 4 
+0.112 X radiologic cholangitis— 
post-PTC + 2 
+0.045 X female sex + l 
+0.0012 X age (>50 years) — | 
+0.046 
0-27 


(the score for 
each patient) 


ACUTE CHOLANGITIS 


-undergoing biliary surgery, 
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TABLE 7. Predictive Value of the Scoring System 
Mortality 
Score (p < 0.01) Standard Error 
0 (n= 40) 0% 0% 
1-5 (n = 332) 1.8% 0.7% 
6-10 (n = 53) 21% 5% 
11-15 (n = 12) 67% , 13% 
>15 (n= 12) 100% 0% 


15-17 but few studies have 


looked specifically at patients with cholangitis. In one 
study of 94 patients with cholangitis in which 14 clinical 
and biochemical variables were analyzed, serum albumin 
concentration was significantly lower and serum urea 
concentration was significantly higher in patients who 
died. When only those patients with gallstone etiology 
were considered, serum creatinine concentration was also 
higher in patients who subsequently died than in survi- 
vors.!® 

Williamson’? suggested three reasons for separating 
patients with acute pancreatitis into groups based on 
whether their prognosis was good or bad on admission: 

1) The severe group need more vigorous resuscitation 
and monitoring, including intensive care facilities, urethral 
catheterization, and central venous monitoring. This 
would be costly if applied to all patients. 
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2) Aggressive treatment such as early surgery might be 
justified in patients with a poor outlook, but not in the 
majority of patients with a mild attack, which would 
quickly abort when the patient received medical treat- 
ment. 

3) General acceptance of criteria of severity facilitates 
international comparisons for prospective studies. 

These arguments hold equally well for acute cholangitis, 
which has a similar spectrum of severity. 

Prognostic scoring systems based on clinical and lab- 
oratory criteria recorded soon after admission’? have 
gained wide acceptance in the management of acute pan- 
creatitis in which the outcome is notoriously difficult to 
predict from early clinical impression alone. The predic- 
tive value of the various systems is generally reported to 
be within the range of 70-90%. A similar scoring system 
may be of value in treating acute cholangitis because the 
outcome is also often difficult to predict on initial clinical 
impression alone. 

In the present study, we used multivariate analysis to 
reduce the number of identified risk factors to seven, all 
having independent significance in predicting mortality. 
Weighting each factor according to its discriminant func- 
tion is more complex than giving a single point for each 
adverse factor present, but produces a higher sensitivity 
and specificity for the prediction of mortality and an 
overall predictive value of 91.5%. 

The value of such a system in identifying high-risk pa- 
tients needs to be confirmed in further studies. We plan 
a retrospective study for patients seen during the years 
1984-1988 as well as a prospective study in which the 
score can be compared with initial clinical assessment of 
severity. The specialist referral pattern to the hepatobiliary 
unit at Paul Brousse hospital is reflected in the fact that 
61% of our patients had undergone previous biliary sur- 
gery and that 10% had liver cirrhosis. It remains to be 
seen whether the predictive value of the scoring system 
will be as high in a nonselected group of patients as that 
which might be seen in a typical general hospital, where 
a higher proportion of cholangitis will be associated with 
calculi and fewer patients will have undergone previous 
biliary surgery. 

Should the predictive value of the scoring system be 
confirmed, we would advocate its use in all three of the 
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categories suggested by Williamson.’” In addition to in- 
tensive rescuscitation and monitoring, the high-risk group 
of patients identified in this study (46% mortality for score 
of = 7) might in the future benefit from aggressive treat- 
ment protocols; the mortality in this group of patients 
rose to 76% when there was no response to initial medical 
therapy. 
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The Influence of Injury Severity on Complication 
Rates After Primary Closure or Colostomy for 


Penetrating Colon Trauma 





The management of penetrating colon injury has been frequently 
debated in the literature, yet few reports have evaluated primary 
closure versus diverting colostomy in similarly injured patients. 
Diverting colostomy is the standard of care when mucosal pen- 
etration is present, but primary closure in civilian practice has 
generally had excellent results, although it has been restricted 
to less severely injured patients. Because the degree of injury 
may influence choice of treatment in modern practice, various 
indices of injury severity have been proposed for assessment of 
patients with penetrating colon trauma. As yet, however, there 
has been no cross-comparison of repair type versus injury severity. 
A retrospective study 76 patients who sustained penetrating colon 
trauma between January 1, 1979 and December 31, 1985 and 
who survived for at least 24 hours was conducted. Different pref- 
erences among attending surgeons and a more aggressive ap- 
proach to the use of primary closure during the years of study 
led to an essentially random use of primary closure and diverting 
colostomy for moderate levels of colon injury, with mandatory 
colosomy reserved for the most serious injuries. Primary closure 
was performed in 37 patients (three having resection and anas- 
tamosis), and colostomy was performed in 39 patients. Severity 
of injury was evaluated by the Injury Severity Score (ISS), Pen- 
etrating Abdominal Trauma Index (PATI), and the Flint Colon 
Injury Score. Complications and outcome were evaluated as a 
function of severity of injury, and primary closure and colostomy 
were compared. Demographic profiles of the two groups did not 
differ regarding age, sex, mechanism of injury, shock, or delay 
between injury and operation. The mortality rate was 2.6% for 
each group. Major morbidity, including septic complications, oc- 
curred in 11% of the patients of the primary closure group and 
in 49% of those of the colostomy group. When PATI was < 25, 
the Flint score was < 2, or when the ISS was < 25, primary 
closure resulted in fewer complications than did colostomy. Of 
the injury severity indices examined, the PATI most reliably 
predicted complications and specifically identified patients who 
whose outcome would be good with primary repair. These results 


suggest that the use of primary closure should be expanded in | 


civilian penetrating colon trauma and that, even with moderate 
degrees of colon injury, primary closure provides an outcome 
equivalent to that provided by colostomy. In addition, the pre- 
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dictive value of the PATI suggests that it should be included 
along with other injury severity indices in trauma data bases. 


continues to evolve slowly, and debate persists 
regarding the best course of treatment. The ad- 
vent of mandatory colostomy during World War II is 
credited with a large decrement in mortality, but the cir- 
cumstances surrounding battlefield management are sub- 
stantially different than those of modern civilian practice. 
Perhaps most important in civilian systems are the marked 
decreases in the delay between injury and definitive treat- 
ment due to efficient transport systems and the occurrence 
of few high-velocity injuries. Scattered reports over the 
last 20 years have begun to define patients who are better 
managed with primary repair than with colostomy. Today 
there is little argument that patients suffering small colonic 
wounds without significant contamination can be safely 
treated with primary repair. Furthermore, most surgeons 
have little disagreement with the principle that serious 
injury with overwhelming contamination or prolonged 
delay between injury and surgery should be treated with 
resection of the injured segment and with colostomy. 
What is missing from the literature is a definitive ap- 
proach for deciding between these options based on ob- 
jective criteria available at the time of surgery. The art 
and science of injury assessment is developing rapidly, 
and is teing used in the development of trauma registries, 
as well as in the decision-making process of trauma man- 
agement. Because of these factors, we decided to look 
retrospectively at the results of San Francisco General 
Hospital over the last 6 years for colostomy versus primary 
repair with stratification for injury severity by a battery 
of indices. 


T HE MANAGEMENT OF penetrating colon injury 
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TABLE 1. Predictor Variables 


1) Age 
2) Sex 
3) Type of injury (stab wound, bullet wound, shotgun wound) 
4) Intraperitoneal blood (ml) 
5) Number of transfusions 
6) Hematocrit on admission 
7) Blood gasses 
8) Number of concurrent injuries - 
9) Patients presenting in shock 
10) Systolic pressure on admission 
11) Fecal spillage 
12) Delay between pick-up by ambulance and operation 
13) Number of colon injuries 
14) Amount and type of irrigation used intraoperatively 
15) Location of colon injury (right, transverse, left, sigmoid) 
16) Closure type 
17) Drains 
18) Antibiotics 
19) Hyperalimentation 


Materials and Methods 


All patients sustaining penetrating colon trauma were 
included in the study if they survived for at least 24 hours 
and underwent either primary closure (closure of the de- 
fect or resection and primary reanastomosis), or colostomy 
(either with resection of the damaged segment or colos- 
tomy proximal to primary repair). Only one patient was 
treated with exteriorization of the injured segment during 
this period and was eliminated from the study because 
no meaningful conclusions could be drawn. Patients 
eliminated from the study included all who died within 
24 hours of injury, all patients transferred to San Francisco 
General Hospital who had already undergone any oper- 
ation related to the colon, any patient with rectal injury 
below the peritoneal reflection, and all patients who were 
transferred to another hospital during the initial hospi- 
talization. 

All morbidity and mortality figures for the colostomy 
group include complications encountered during the ini- 
tial hospitalization and after takedown of the colostomy 
when this information was available (31 of 39 colostomy 
patients, 79%). Patients who underwent colostomy, but 
who were readmitted for colostomy takedown at another 
hospital were included in the study, and only the results 
from the first hospitalization were compiled (8 of 39 pa- 
tients). | 

Morbidity was defined as follows: major morbidity was 
defined as a septic or nonseptic complication that resulted 


in significant changes in treatment, outcome, or hospital 


stay; colon-related morbidity, a subset of major morbidity, 
was defined as septic morbidity, including intra-abdom- 
inal abscesses, systemic sepsis, colonic fistula, major 
wound infection, dehiscence, or major ostomy infection, 
but excluding pneumonia or urinary tract infection. 
Most authors have used colon-related morbidity to 
gauge the risks and effectiveness of colonic procedures, 
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Citing it as the most likely to have arisen from difficulties 


in colonic repair. We believe, however, that major com- 
plications, as defined above, are more important indicators 
of clinical outcome, despite the fact that some were not 
direct consequences of surgery, but of the initial injury. 
Both major and colon-related complications are addressed 
in this report.. 

Patients were stratified according to the clinical param- 
eters shown in Table 1 in order to detect the contribution 
of various predictor variables to outcome. Stratifications 
were also performed according to three injury severity 
indices, which include the Penetrating Abdominal 
Trauma Index (PATI),! Injury Severity Score (ISS), and 
the Flint Injury Score.? 

The PATI is a score based on the combined severity of 


injury of individual abdominal viscera diagnosed by op- 


erative examination. Each organ is assigned a number 
from one to five based on the severity of injury, but be- 
cause injuries to different viscera carry different compli- 
cation risks, this number is multiplied by a coefficient 
corresponding to the likelihood of morbidity and mortality 
resulting from injury to that organ. The resultant scores 
from each viscus are added together to give the final PATI. 
Previous studies have shown.that postoperative morbidity 
and mortality increase sharply with a PATI of = 25.! Ad- 
vantages to the use of PATI are that it is one of the most 
detailed indices relating specifically to abdominal trauma 
and that it has been shown to reliably predict outcome. 
Its major disadvantage is that it does not take into con- 
sideration the physiologic impact of injury from other 
regions of the body. 

The Abbreviated Injury Score (AIS) is a system of scor- 
ing based on severity of injury to each of six different 
anatomic regions of the body. The ISS is a frequently 
used index derived from the AIS, and is computed by 
summing the squares of the largest scores in each of the 
three highest scoring regions. The major strengths of ISS 
scores are the consideration of the aggregate effect of total 
body injury on ultimate outcome, and their established 
widespread use in the literature pertaining to injury of all 
types. The ISS is very nonspecific when tabulating com- 
plex intra-abdominal injury, however, and less useful in 
stratifying subtle differences. 

The Flint Severity Score has the advantage of marked 
simplicity. All colonic injuries are divided into three 
groups of increasing severity that are easily remembered 
by surgeons at the time of operation. The groups are di- 
vided as follows: 

Flint 1) Isolated colon injury, minimal contamination, 
no shock, minimal delay | 

Flint 2) Through-and-through perforation, lacerations, 
moderate contamination 

Flint 3) Severe tissue loss, devascularization, heavy 
contamination. 
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TABLE 2. Distribution of Repair Types 


Number Percentage 
Repair Type of Patients of Patients 
Primary repair 
Simple oversew 34 45% 
Resection with 1° anastomosis 3 3.9% 
Total 37 49% 
Colostomy 
With resection 38 50% 
Proximal to 1° repair l 1.3% 
Total 39 51% 


Its disadvantage is that it does not include the contri- 
butions of other intra-abdominal injuries and ignores in- 
jury to other regions of the body entirely. 

Demographic and morbidity and mortality statistics 
were calculated, and predictors of morbidity analyzed. 
Treatment groups (colostomy vs. primary repair) were 
then analyzed for comparability, and cross-comparisons 
were made between treatment groups stratified according 
to injury severity in order to examine outcome in terms 
of both morbidity and cost. 


Results 


Seventy-six patients fulfilled criteria for admission into 
the study, 66 of whom were men (86.8%). Average age 
was 33 + 15 years. Injuries to these patients included 42 
stab wounds, 33 bullet wounds, and one shotgun wound. 
No distinction was made between low- and high-velocity 
gunshot wounds because such information was not reli- 
ably available, although the majority of these wounds were 
handgun injuries. 

Thirty-four patients underwent simple oversew of the 
colonic injury (45%); resection with primary anastomosis 
was accomplished in three patients (3.9%); colostomy with 
resection was performed in 38 (50%); and colostomy 
proximal to a primary repair was performed in one patient 
(1.3%), accounting for a total of 39 colostomy (51%) and 
37 noncolostomy (primary repair) patients (49%) (Ta- 
ble 2). 

Ninety-two per cent of the patients were brought to 
surgery within 4 hours of injury. The average time from 
pick-up by the ambulance to incision was 1.9 hours, ex- 
cluding one patient who presented 56 hours postinjury. 

There were two deaths in the series, one in each group, 
accounting for a total mortality of 2.6%. One death was 

. due to Staphylococcal sepsis after postoperative aspiration 
and pneumonia in a patient who had undergone colos- 
tomy after sustaining a bullet wound. The other death 
occurred in a patient undergoing primary repair who had 
a progressively worsening course, ending in multiple organ 
system failure. Both deaths occurred in patients with cir- 
rhosis (confirmed at operation), and constituted all pa- 
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TABLE 3, Major Complications Versus Repair Type* 


1° 


Colostomy Repair Combined 
Complication (%) (%) (%) 
Colon-Related 
Intra-abdominal abscess 8 (21%) 1 (2.7%) 9 (12%) 
Wound infections 6 (15%) 0 (0%) 6 (7.9%) 
Systemic Sepsis 6 (15%) 0 (0%) 6 (7.9%) 
Ileus (>7 days) 6 (15%) 0 (0%) 6 (7.9%) 
Bowel obstruction 3 (7.8%) 1 (2.7%) 4 (5.3%) 
Multiple organ failure 2 (5.1%) 1 (2.7%) 3 (3.9%) 
Wound dehiscence 3 (7.8%) 0 (0%) 3 (3.9%) 
Colonic fistula 0 (0%) 1 (2.7%) 1 (1.3%) 
Total combined colon- l 
related complications 34 4 38 
Noncolon-Related: 
Pneumonia 3 (7.8%)  1(2.7%) 4 (5.3%) 
Noncolonic fistula 3 (7.8%) 0 (0%) 3 (3.9%) 
Cardiac arrest (resuscitated) 0 (0%) 1 (2.7%) 1 (1.3%) 
Combined total 
complications 40 6 46 
Total number of patients 
suffering from major 
complications 19 (49%) 4 (11%) 23 (30%) 


* Morbidity is stratified according to colon-related and noncolon-re- 
lated complications, but not by injury severity. Raw comparisons reveal 
clearly increased complication rates with colostomy as opposed to primary 
repair. 


tients with documented cirrhosis in our series. Neither 
patient had evidence of anastomotic breakdown. 

Table 3 shows morbidity statistics stratified according 
to repair type. In addition to the increase in complication 
rate seen in colostomy patients unstratified for severity of 
injury, major complications were seen more frequently 
in patients who received a transfusion of greater than 4 
units of blood (a complication rate of 13.5% for patients 
who had 0-4 transfusions as opposed to 81% for patients 
who had = 5 transfusions; p < 0.001), and were more 
prevalent in patients with high degrees of fecal spillage 
(minimal to minor spillage was associated with a 19.6% 
complication rate as opposed to a 63.6% rate in patients 
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w 
o 
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Fic. 1. Graph showing the correlation between fecal spillage and PATI. 
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TABLE 4, Major Morbidity as a Function of Location 
of Injury and Closure Type* 


Complications 
Injury Location and Number 
Closure Type (%) Major Wound 

Location of injury 
Right colon 12 25% 

Transverse colon 45 28% 
Left colon 13 46% 
Sigmoid colon 11 18% 

Closure type i 
Primary closure 35 (46%) ~ 17% 
Delayed primary closure 23 (31%) 13% 
Secondary closure 18 (24%) 11% 


* Differences in complication rates were not significant for any com- 
bination of the above risk factors. 


with moderate to major spillage; p < 0.001). Spillage was 
poorly correlated to PATI (r = 0.51) (Fig. 1). 

There were twelve right, 45 transverse, 13 left, and 
eleven sigmoid colon injuries (Table 4). No correlations 


COMPLICATIONS vs. PAT] 


COLON RELATED 
CO] MAJOR 








COLON RELATED 
C] MAJOR 


COLON RE_ATED 
CO] MAJOR 


-> FLINT SCORE 


Fic; 2. Percentage of morbidity versus degree of injury as measured by 
PATI, ISS,.and Flint injury severity indices. In each case, both: major 
complications and colon-related complications were seen to increase with 
increasing index scores. l 
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TABLE 5. Predictor Variables That Revealed Significant Differences 
Between Treatment Groups 


Primary s 
Predictor Variables Colostomy Repair Significance 

Intraperitoneal blood 

(ml) 1423 + 935 602 + 664 p<0.05 
No. of transfusions 7.2 + 9.2 2223.3 p < 0.001 
No. of concurrent ; 

injuries -4.6 + 3.4 2.9 2.3 p < 0.05 
Fecal spillage 47.6% 14.7% p < 0.01 


could be found between location of injury and major 
complications (right 25% and transverse 28% vs. left 46% 
and sigmoid 18%, p > 0.8, NS), age greater than or less 
than 40 years (53.8% vs. 32.3% respectively, NS), or stab 
wound versus bullet wound (30.9% vs. 42.4%, NS). 

Skin closure consisted of primary closure in 35 patients 
(46%), (usually with either staples or steristrips), delayed 
primary closure (DPC) in 23 patients (31%), and second- 
ary closure in 18 (24%). Wound complications were noted 
in 17% with primary closure, 13% with DPC and 11% 
with secondary closure (NS). No patients had placement 
of superficial drains in the wound. Nine patients had intra- 
abdominal drains placed, but only one of those was for 
drainage of colonic wounds; the remainder were for duo- 
denal/pancreatic (4) and liver/biliary injuries (1). 

Of the 39 patients who underwent colostomy, 31 (80%) 
subsequently returned an average of 91 + 45 days later 
for colostomy takedown, a rate that 1s high for the county 
hospital setting. Colostomy takedown itself resulted in a 
major complication rate of 13%, which compares favor- 
ably with that of other studies. There was one intraperi- 
toneal abscess with prolonged ileus, one dehiscence, one 
wound infection, and one case of pneumonia. Minor 
complications were seen in 16% of the patients. 


Figure 2 shows histograms of complication rate versus — 


severity index, independent of repair type, showing the 
expected increasing morbidity in all indices with increas- 
ing scores. This supports the results of previous studies 
pertaining to each index!** (although the PATI and Flint 
scales were shown by chi square analysis to be statistically 
more accurate than the ISS in predicting subsequent mor- 
bidity). a. 


Differences Between Treatment Groups ` 


All predictor variables were examined between patients 
treated with colostomy versus primary repair to assess 
comparability between groups (Table 1). The significant 
differences are reviewed in Tables 5 and 6, each of which 
supports the assertion that, on the whole, colostomy pa- 
tients had more severe injuries. 

Figure 3 shows the distribution of patients with respect 
to the three injury severity indices. Most patients presented 
with mild to moderate injury scores in each index. High 
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scores in all indices were associated more frequently with 
the colostomy patients than those who underwent primary 
repair, as would be expected in a retrospective study of 
this type. 


Morbidity Versus Repair Type According to Index of In- 
Jury Severity 


Because higher degrees of trauma were seen in the co- 
lostomy patients, comparisons were stratified according 
to index of injury severity to reduce this bias. 


Figure 4 shows stratified comparisons of morbidity and 


repair type for the three indices of injury severity exam- 
ined. These results show clearly decreased morbidity for 
patients undergoing primary repair in the mild to mod- 
erate injury category. Patients with a PATI of less than 
25 showed a major complication rate of 6% with primary 
repair as opposed to the 47% rate associated with colos- 
tomy (0.001 = p <0.01). The results were similar for the 
ISS, showing complication rates for ISS of less than 25 at 
12% and 44%, respectively (0.01 < p < 0.05). The Flint 
scale was not adequate for stratification in this series be- 
cause there were not enough colostomy patients in the 
Stage 1 category and not enough primary repair patients 
in the Stage 3 category. For Stage 2, however, there was 
a statistical advantage to primary repair for major com- 
plications, showing a morbidity rate of 10% versus that 
of 38% for colostomy patients (0.01 < p < 0.05). If Stages 


| and 2 are combined, the morbidity rates are 9% versus 


42%, respectively (0.001 = p <0.01). 

It was impossible to compare therapies for patients in 
the Severe Injury category because almost all of the pa- 
tients in this category had colostomies. Only five patients 
who underwent primary repair had a PATI of = 25 as 
opposed to 19 patients who underwent colostomy. 


Cost Statistics 


Financial data were tabulated, where available, in order 
to examine the cost-effectiveness of individual procedures. 
Included in the analysis were hospital costs, operating 
room costs, and professional surgical fees for each oper- 
ation performed. Not included were the costs of clinic 
visits, out-patient visiting nurses, and stoma care devices 
(all of which would be more expensive for colostomy pa- 
tients). 

Patients who underwent colostomy had a significantly 
longer hospital course of 33 + 30 days versus 12 +11 days 
. (p < 0.001) for those patients treated with primary repair 
(these statistics include hospitalization for takedown of 
colostomy in colostomy patients). Cost data were available 
for 44 patients, 21 of whom underwent colostomy and 
23 of whom underwent primary repair. Combined average 
cost for colostomy patients was $28,559.50 versus 
$10,295.60 in the primary repair group (Z = ~4.194, p 
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TABLE 6. Mean Scores for Each Index Stratified According to 
Treatment Group, Showing Generally Increased Injury 
Severity in Colostomy Patients 


Index Colostomy Primary Repair Significance 
PATI 26.6 + 12.4 17.0 + 5.7 p < 0.001 
ISS 22.2 + 10.6 18.2 + 5.0 p < 0.05 
Flint 2.3 + 0.61 1.7 + 0,58 p < 0.001 


< 0.001, Mann Whitney U-Test). After stratification, the 
average cost difference was still significantly less for the 
primary repair group, both for PATI of < 25 (Z = —3.683, 
p < 0.001), and PATI of = 25 (Z = ~1.8, 0.01 < p < 0.05) 
although the differences were narrowed (Table 7). Because 
hospital costs rose precipitously during the 6 years studied, 
paired comparisons were also done according to the year 
that the injury was sustained, in an attempt to eliminate 
time-related changes in hospital cost as a contributing 
variable. Because there were more colostomy patients than 
primary-repair patients, the pairings were not strict, but 
the differences appeared to remain highly significant 
nonetheless. 
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Fic. 3. Number of patients versus degree of injury as measured by PATI, 
ISS, and Flint injury severity indices. Most patients fell into the Moderate 
Injury categories, and only a few patients in the Severe Injury categories 
were treated with primary repair. 


444 


PATI YS. MAJOR COMPLICATION RATE 


60 


40 






1° REPAIR 


20 COLOSTOMY 


MAJOR COMPLICATIONS (%} 


MAJOR COMPLICATIONS (%} 


MILD {0-9} MODERATE (10-24) 


INJURY SEVERITY 


1° REPAIR 
RY COLOSTOMY 


MAJOR COMPLICATIONS (%} 





E AN 
_ MODERATE {(FLINT-2} SEVEFE (FLINT-3) 


INJURY SEVERITY 


MILD {FLINT-1} 


Fic. 4. Comparison of complication rates for primary repair versus co- 
lostomy, stratified according to indices of injury severity. In each case, 
significant improvements in morbidity were seen in patients who un- 
derwent primary repair in the mild to moderate injury severity groups. 
p values represent the results of chi square analyses. 


Although fecal spillage was found to be an independent 
variable in predicting major complications, it was not 
found to be important in predicting cost, independent of 
the PATI using multiple regression analysis (p = 0.4 vs. 
0.0001 for the PATTI). 

Regression analysis was done comparing the PATI with 
both the ISS and the Flint scales (Fig. 5). Although the 
relationship was significant for both Flint (p < 0.001) and 
ISS (p < 0.001) when compared with PATI, the correlation 


TABLE 7. Comparison of Costs Between Colostomy and Primary 
Repair Before and After Stratification for Severity of 
Injury Using the PATI 


Primary 
Colostomy Repair Significance 

Mean 

All $28,559.50 $10,295.60 p s 0.001 

PATI score of < 25 $17,059.99 $7,378.72 p < 0.001 

PATI score of = 25 $43,892.18 $20,796.39 p s 0.05 
Minimum $7,315.25 $3,594.64 
Maximum $100,183.05 $47,555.74 
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Fic. 5. Linear regression analysis of the PATI versus both the Flint Scale 
and the ISS, showing a better correlation coefficient with the Flint scale 
than with the ISS. 


coefficient was much better for the Flint scale (r = 0.72) 
than for the ISS (r = 0.47). 


Multiple regression analysis was done to establish the 


‘independent contributions of PATI and ISS to ultimate 


cost. The results show that the contribution of the ISS (p 
= 0.06) is far less than that of the PATI (p = 0.0001) for 
patients with colon injury. 

Because there was little correlation between PATI and 
ISS scores, the sum of both scales was used to determine 
a new group of patients with intermediate injury in order 
to incorporate features of both indices. A sum between 
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Fic. 6. Combined scale including PATI and ISS scores. Filled-in points 
show those patients whose scores (PATI + ISS) were between 30 and 
50, defining an intermediate injury group with influences of both the 
PATI and the ISS. This group also revealed a significant decrease in 
morbidity for patients who underwent primary repair. 
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30 and 50 defined patients in this intermediate group (Fig. 
6). Chi square analysis showed that major complications 
were again seen more frequently in the colostomy group 
than in the primary-repair group [42% vs. 12%, respec- 
tively (0.01 < p < 0.05)] and that cost differences closely 
approached significance ($10,921.00 vs. $5,421.00 p 
= 0.07, Mann Whitney U-test). 


Discussion | 

The repair of penetrating injury to the colon has un- 
dergone a progressive evolution since World War I, in 
which colon injury was fatal in 60% of patients, most of 
whom were treated with primary repair. During World 
War II, with the introduction of colostomy, a consequent 
reduction in mortality to approximately 30% was seen.’ 
Mandatory colostomy or exteriorized repair, antibiotics, 
fluid replacement, electrolyte monitoring, and improved 
evacuation techniques reduced the mortality rate to 12% 
during both the Korean and Vietnamese conflicts. Given 
the dramatic improvement in battlefield mortality figures, 
colostomy was understandably adopted much more fre- 
quently in civilian practice, and in many institutions, it 
became required treatment for all cases of colonic mucosal 
penetration. Woodall and Ochsner* published the first 
reference re-examining primary closure in 1951. They ar- 
gued that colostomy was more effective in battle condi- 
tions because of the prevalence of high-velocity injury 
and also because surgeons are often unable to examine 
their patients after operation. In civilian practice, however, 
their own mortality rate decreased from 23% to 9% with 
the use of primary repair. Since that time, the use of pri- 
mary repair for colon injuries has gained favor with some 
authors for injuries of limited severity or degree of fecal 
spillage**7*-!?_ With improvement in shock management, 
‘prehospital care, and antibiotics, the risk of anastomotic 
breakdown has diminished significantly. High-velocity 
missile injury is much less common in civilian practice 
than on the battlefield, further reducing the likelihood of 
extensive soft tissue damage and risk for anastomotic 
breakdown. In agreement with the results of Demetriades 
et al.,!' there was no important difference in this study 
between stab wounds and gunshot wounds in predicting 
morbidity, undoubtedly due to the fact that most gunshot 
wounds were from low-velocity firearms. Recent overall 
mortality in civilian practice for patients with penetrating 
colon injury has fallen to less than 5%, but the major 
complication rate is still high, ranging from 15% to 50%, 
depending on injury severity and repair type.®'! 

Primary closure has been shown to be preferable to 
colostomy in a widening group of circumstances. Various 
groups have eliminated the requirement for colostomy in 
cases of left colon injury. An in-depth review of this subject 
by Thompson and Moore in 1982)? showed that there is 
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no statistical increase in complications after repair of the 
left colon as opposed to that of the right colon for either 


internal or exteriorized repair, or in elective or traumatic 


situations-——an observation supported by our own results. 

The degree of fecal spillage has been correlated with 
complication rates in many studies and was highly asso- 
ciated in our own, despite its poor correlation with the 
PATI. Adkins et al.,'? however, have eliminated fecal 
spillage as an independent determinant for colostomy 
formation if associated injuries are not extensive. In their 
series, no anastomotic breakdowns or intra-abdominal 
abscesses were seen in any patients who underwent pri- 
mary repair, who comprised 64% of their total patient 
population and included many patients with gross spillage. 
The patients in their series who underwent colostomy were 
those who required major colon resections, repair of as- 
sociated injuries, and prolonged operations. Our results 
would not support this approach and continue to show a 
higher complication rate with greater amounts of spillage, 
although quantitation of this variable may often be ques- 
tioned. 

Colastomies have risks and costs of their own”: a second 
hospitalization for takedown, increased care in the interim 
between colostomy and takedown, training of the patient 
in management, and frequently, psychologic problems in 
adjusting to the presence of the colostomy. Although 
complication rates for trauma patients are less than for 
others undergoing colostomy takedown, they are still sig- 
nificant, ranging from 5%'* to 46%," with a low but real 
mortality.*:!° 

The problem with many studies is that the criteria for 
selecting patients for different treatments have been lim- 
ited, inexact, and diversified, and all studies except one 
have been retrospective.'° Selection criteria need to be 
assessable at the time of initial surgery to be useful. 

We chose to examine the PATI, ISS, and Flint scales 
because each is standardized, and each demonstrates its 
own individual strengths by emphasizing different aspects 
of injury. The PATI was chosen for its in-depth analysis 
of intra-abdominal injury, the ISS for its comprehensive 
assessment of total body injury, and the Flint scale for its 
simplicity and specific applicability to colon injury. 

Although the Flint scale was excellent at predicting 
complications, it was not useful in our study for distin- 
guishing differences in complication rates between treat- 
ment options because it appeared to be too restrictive. 
There were only three colostomies performed at Stage | 
and only two cases repaired primarily for Stage 3 injury. 
Moderate injury (Stage 2) was observed in 21 patients in 
each treatment group and showed a clear advantage of 
primary repair (10% vs. 38% major morbidity; 0.01 < p 
< 0.05). Dang! suggested conveniently assigning treat- 
ment according to stage, with primary repair for all Stage 
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{ injuries, exteriorization for all Stage 2 injuries, and co- 
lostomy for-all Stage 3 injuries. Because we observed in 
our series only two major complications (only one of 
which was colon-related) in a total of 21 Stage 2 patients 
who underwent primary repair (10%) as opposed to seven 
of 24 (29%) Stage 2 patients who underwent exterioriza- 
tion in Dang’s study'®, we believe that his Stage 2 patients 
might have benefited from primary repair. It seems rea- 
sonable, given our statistics, to combine patients from 
both Stage 1 and Stage 2 in the low to moderate injury 
group and perform primary repair, reserving colostomy 
for Stage 3 patients. 

The index that we found to be the most useful was the 
PATI. Not only was it helpful in identifying patients with 
low to moderate injury who were clearly better served 
with primary repair (as opposed to those with very severe 
injury), but it was excellent in predicting complications 
and cost, independent of repair type despite its inability 
to account for extra-abdominal injury. | 

Although the ISS was found to correlate loosely with 
the same factors, correlations were weak, as was correla- 
tion of ISS to the PATI itself. Statistical analysis reveals 
that the ISS adds little useful information to the PATI in 
predicting cost or morbidity in cases of colon injury. Even 
when combined with the PATI, the predictive value was 
no better than that of the PATI alone. This is no doubt 
due to the fact that nearly all patients in this study had 
penetrating trauma and that the major damage was usually 
restricted to the abdomen. Thus, the ISS would not be 


expected to diverge from the PATI. This is'not to say that 


the ISS is not useful, but it appears that, in most patients 
with colon injury, intra-abdominal factors play a domi- 
nant role in predicting morbidity when compared with 
this index of total body injury. 

Dellinger et al.!’ determined a list of risk factors for 
morbidity that occurs after laparotomy for penetrating 
abdominal injury of all varieties. Using stepwise discrim- 
inant analysis, a numeric function was derived that yielded 
the probability of infection, depending on transfusion re- 
quirement, PATI, length of operation, and age of the pa- 
tient. Of these, only the PATI and the age of the patient 
are known at the time of surgery, when operative decisions 
must be made. 

After examining results stratified according to all three 
indices of injury severity, these retrospective data do not 
support the use of colostomy in treating mild and mod- 
erate injury. In other series, exteriorization has been ad- 
vocated as an alternative to colostomy and a means of 
protecting the patient from intra-abdominal sepsis that 
obviates this need for a major second operation. Because 
of a high incidence of breakdown associated with this 
option® and because the resulting colostomy is suboptimal 
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in terms of construction and management, we have chosen 
to avoid this alternative and have had little experience 
with it. Others have not had such poor results, although 
even the most optimistic series report a 25-35% incidence 
of suture line breakdown when the bowel is extra-abdom- 
inal. 

Our results indicate that patients with a PATI of < 25, 
an ISS of < 25, or a Flint score of < 2 define a group that 
is probably better treated with primary repair than colos- 
tomy unless spillage is large or unless there is a long delay 
between injury and surgery, or a large transfusion re- 
quirement. Adherence to these guidelines for the patients 
in this study would have mandated primary repair in 67% 
of our patients, a percentage even higher than in the Ad- 
kins study.” 

Considerable care needs to be exercised, however, be- 
fore these data can be extrapolated to the general popu- 
lation of trauma patients. Although treatment with pri- 
mary repair has received increasingly favorable results in 
retrospective trials, the weakness of retrospective analysis 
is well-known, especially in light of the catastrophic results 
of anastomotic breakdown in these patients. By using ob- 
jective scoring systems, we have made every effort to 
compare the equivalent populations in evaluating primary 
repair versus colostomy. In a retrospective study, however, 
it is impossible to be certain that the patients selected for 
colostomy did not represent a more severely injured 
group, despite our inability to show any differences by 
the criteria tested. There may have been other factors ob- 
served at the time of surgery that led to the performance 
of colostomy that were not detectable by chart review. To 
the extent that this might be the case, our conclusions 
will be invalid. 

It seems clear, however, that the good results associated 
with the use of primary repair in civilian practice, which 
have been reported consistently since 1951, warrant a 
more aggressive approach to its use, including the objec- 
tive evaluation of different therapies by prospective, ran- 
domized trials. For evaluation purposes, the wartime ex- 
periences of 40 and 70 years ago do not currently apply, 
and an objective reappraisal of colon injury management 
is warranted. 
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Low Protein Diets Improve Survival from 


Peritonitis in Guinea Pigs 





MICHAEL D. PECK, M.D., J. WESLEY ALEXANDER, M.D., Sc.D., SARA J. GONCE, B.A., B.S., 


and PHILLIP W. MISKELL, B.A., B.S. 


Enteral diets with different protein content were tested to de- 
termine their effect on outcome in a model of protracted bacterial 
peritonitis. Hartley guinea pigs were provided with gastrostomies, 
and 1 week later, osmotic pumps were implanted into the peri- 
toneal cavity to allow for continuous release of live bacteria over 
the course of 1 week. Three days after pump implantation, the 
animals began receiving isocaloric enteral diets that contained 
5%, 10%, 15%, or 20% of total calories as protein. After 2 weeks 
of observation, the survivors were killed. All animals lost weight 
during the 2-weeks period, but there was no difference in weight 
lost. Nitrogen balance correlated with dietary protein. The mor- 
tality rate was significantly higher in the groups that received 
15% and 20% of total calories compared with the group that 
received 5% (p < 0.05). Although dietary protein in the 5% group 
was insufficient for meeting the nutritional needs of the animal, 
survival was best in this group. Possible explanations are that 
protein restriction in this model may either augment host defence 
or impair bacterial virulence. 


tein catabolism during sepsis that is only slightly 
offset by a minor increase in protein synthesis.'” 
The resulting increase in net protein catabolism produces 
increased excretion of nitrogen and is clinically manifested 
by muscle-wasting and weight loss. In order to prevent 
these losses of body proteins during sepsis, aggressive nu- 
tritional support with high protein diets to restore positive 
nitrogen balance has been advocated. However, there are 
few data regarding the optimal amount of protein nec- 
essary for recovery from sepsis. 
Using a model of protracted bacterial peritonitis in 
guinea pigs, we determined how protein content of enteral 
feedings influenced survival. 


T HERE IS A MAJOR INCREASE in whole body pro- 
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Materials and Methods 
Surgical Procedures 


Hartley guinea pigs weighing 350-450 g were provided 
with intragastric feeding tubes while under general anes- 
thesia (using ketamine, acepromazine maleate, and atro- 
pine sulfate as previously described). For 1 week, the 
animals were caged individually, receiving Guinea Pig Pel- 
let Diet (Wayne Feeds Research Division, Libertyville, IL) 
and water ad libitum. After this stabilization, the animals 
underwent a laparotomy under general anesthesia so that 
a bacteria-filled osmotic pump could be placed in the right 
lower quadrant. The guinea pigs were then placed into in- 
dividual metabolic cages and allowed to eat ad libitum for 
3 days. On Day 3, the animals were placed into four groups 
that received approximately 5%, 10%, 15%, and 20% of 
total calories, respectively, as protein (Table 1). 


Preparation of Bacteria 


For 18 hours before loading of the pump, cultures of 
Escherichia coli 53104 (courtesy of Dr. Richard Simmons, 
Minneapolis, MN) and Staphylococcus aureus 502A were 
incubated in trypticase soy broth in a 37 C-oscillating 
water bath. The cultures were centrifuged at 2000 rpm , 
for 5 minutes, and the resulting pellets were washed in 
0.9% NaCl. After the final wash, the pellets were serially 
diluted in sterile saline to achieve a final concentration 
of 2 X 10° bacteria per ml. An equal mixture was then 
made containing 1.0 X 10° each of the E. coli and S. 
aureus. 
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Preparation of the Osmotic Pumps 


Using aseptic technique, each osmotic pump (Alzet 
Osmotic Pump®, Model 2 ML1, Alza Co., Palo Alto, CA) 
was filled with two ml of the E. coli and S. aureus mixture. 
The pumps, prepared and implanted as previously de- 
scribed,’ began delivery of the reservoir contents into 
the tubing after approximately 4 hours’ delay, and began 
actual delivery of bacteria into the peritoneal cavity be- 
tween 34 and 36 hours after implantation. Thus, the 
pumps delivered a continuous infusion of bacteria over 
a 7-day period, ending approximately 8.5 days after im- 
plantation. 


Experimental Groups 


Three days after laparotomy for pump implantation, 
the animals were placed on one of four diets differing only 
in protein content (Table 1). The amount of protein given 
as whey protein (Promix R.P.D.®, Navaco Laboratories, 
Phoenix, AZ) was 1.57 g/kg/day in the group that received 
5% of total calories, 3.24 g/kg/day in the group that re- 


ceived 10% of total calories, 4.71 g/kg/day in the group 


that received 15% of total calories, and 6.28 g/kg/day in 
the group that received 20% of total calories (hereafter 
called Groups 1, 2, 3, and 4, respectively). The total num- 
ber of calories delivered was 125 kcal/kg/day. The com- 
position of the basic diet is shown in Table 2. The animals 
were fed for 14 days via the gastrostomy by continuous 
pump-controlled infusion (Holter Pump®, Catalogue 
#903, Critikon, Bound Rock, NY; and Kangaroo® 330 
feeding pumps, donated by Sherwood Medical, Hospital 
Products Division, St. Louis, MO). All animals received 
equivalent volumes of fluid daily by diluting the diet with 
tap water, based on previously calculated fluid require- 
ments. 

In conducting the described research in this report, the 
investigators adhered to the Guide of Laboratory Animal 
Facilities Care as set forth by the Committee on the Guide 
for Laboratory Animal Resources, National Academy of 
Sciences— National Research Council and the regulations 
of the National Institutes of Health. 


Tests and Evaluations 


Delayed-type hypersensitivity to the hapten dinitro- 
fluorobenzene (DNFB) was tested in the animals while 
they received enteral feedings. The animals were sensitized 
to DNFB on Day 0 of the feedings by painting 1.0 ml 
_ DNFB 0.5% on their clipped backs. One week later, they 
were challenged with “0.25 ml DNFB 0.5%” on each ear. 
Ear thickness was measured with calipers on the day of 
challenge and 24 hours after, and the differences recorded 
and averaged. 


The animals were weighed daily at the same time of 


day throughout the experiment without stopping the con- 
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TABLE 1. Experimental Diets* 

5% 10% 15% 20% 
Protein (kcal/l) 50.23 103.72 = 150.73 201.00 
Fat (kcal/]) 151.31 150.09 147.94 150.75 
CHO (kcal/l) 827.42 773.19 735.39 696.25 
Total (kcal/I) 1028.97 1026.99 1034.06 1048.00 
% Protein 4.9 10.1 14.6 19.2 
Protein (g/kg/day) 1:57 3.24 4.71 6.28 
Protein (g/m?/day) 17.9 37.0 53.8 71.8 


* Percentages (i.e., 5%, 10%, 15%, 20%) are of total calories. 


tinuous feeding. All animals that survived for 14 days 
after starting the diet (17 days after pump implantation) 
were killed by cervical dislocation after phlebotomy by 
cardiac puncture. Wet weight of the carcass consisting of 
skeletal and musculo-fascial structures was measured after 
the animal had been completely skinned, eviscerated, de- 
capitated, and its feet were excised. By suspending a stan- 
dard weight from one end of the gut, creating a uniform 
degree of tension, a 10-cm segment of proximal jejunum, 
10 cm beyond the pyloroduodenal junction, was cut for 
mucosal sampling. The segment was scraped with a spat- 
ula according to the method of Levine and associates,’ 
and the wet weight of the mucosa was obtained. A second 
10-cm segment beginning 10 cm proximal to the ileocecal 
valve was similarly prepared. Both gastrocnemius muscles 


TABLE 2. Composition of Basic Diet 


Composition Amount 

Nutrient sources (calorie density) 

Protein (Promix R.P.D.®*) 3.85 kcal/gm 

Fat (Microlipid®f) 4.5 keal/cc 

Carbohydrate (Nutrisource®£) 3.2 kcal/cc , 
Electrolyte and vitamin solution (amount per liter) 

NaCl (2.5 mEq/ml) 24 ml 

KCl (2 mEq/ml) 10 ml 

K acetate (2 mEq/ml) 24 ml 

K phosphate (3 mM/ml) 10 ml 

Ca gluconate (0.1 Gm/ml) 24 ml 

MgSO, (4 mEq/ml) 50 ml 

MTES®§ 6 ml 

Multi-Vitamin Concentrate! 5 ml 

Vitamin C 500 mg 

Vitamin E 100 mg 

Choline chloride 500 mg 

Folic acid 2 mg 


* Navaco Laboratories, Phoenix, AZ. 

t Organon, Inc., (Bioresearch), West Orange, NJ. 

ł SandozNutrition, Minneapolis, MN. 

§ MuITE-PAK-5®, Smith & Nephew, Franklin Park, IL (each liter 
of diet contains 6 mg of zinc, 2.4 mg of copper, 0.6 mg of manganese, 
24 ug of chromium, and 120 yg of selenium. 

 LyphoMed®, Melrose Park, IL [each liter of diet contains (from Multi- 
Vitamin concentrate): 500 mg of ascorbic acid, 10,000 IU of vitamin A, 
1000 IU of vitamin D, 50 mg of thiamine HCL, 10 mg of riboflavin, 15 
mg of pyridoxine HCL, 100 mg of niacinamide, 25 mg of dexpanthenol, 


-and 5 IU of vitamin E. 
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were removed and weighed with the average weight cal- 
culated. The liver, spleen, and adrenal glands were also 
weighed. 

Serum albumin, transferrin, and C; were determined 
using a colorimetric method on a spectrophotometer 
(Roche Biomedical Laboratories, Inc., Dublin, OH). 
Serum cortisol was determined using fluorescence polar- 
ization Immunoassay with mouse and goat antisera on a 


TDX® analyzer (Abbott Co., Chicago, IL). Serum-free. 


= amino acids were determined by using a Beckman 121- 
MB amino acid analyzer. Serum was first deproteinized 
by mixing 0.5 ml of serum with 1.5 ml of 5% sulfosalicylic 
acid, pH 1.7, containing 133 nmol/ml thienylalanine as 
internal standard, centrifuging at 30,000 X g at 4 C and 
filtering through a 0.45-y Millipore filter. Samples of 
serum from normal guinea pigs that had not undergone 
manipulation were used as controls for comparison for 
all of these tests. 

Urine nitrogen was measured using the Antek Pyro- 
Chemiluminescent™ Nitrogen System (Antek® Instru- 
ments, Inc., Houston, TX), involving oxidative pyrolysis 
of the specimen and subsequent measurement of the 
chemiluminescence of NO. The calculated daily urinary 
nitrogen excretion was then subtracted from the amount 
of nitrogen administered enterally, and the difference was 
taken as nitrogen balance. Nitrogen losses from feces and 
hair were not taken into account. 


Statistics 


Comparison of between-group means was done with 
one-way analysis of variance (ANOVA). However, the 
change in weight from Day 0 of enteral feeding to the day 
that the animals were killed was evaluated by two-factor 
repeated measures ANOVA. Significant comparisons be- 
tween groups were identified with Scheffe’s test. An p- 
value of 0.05 was accepted for the level of significance. 
Overall mortality rates were evaluated with the chi square 
test of independence. Because this was found significant 
at the 0.05 level, further comparisons between groups were 
evaluated with the chi square test. Evaluation of nitrogen 
balance was done with multiple regression, using the re- 
gressors of protein level, day of infection, and ultimate 
outcome. Stepwise regression was then used to remove 
insignificant factors. Statistics were calculated on a Mac- 
intosh SE™ computer (Apple Computer, Inc., Cupertino, 
CA) using Statview 512+™ software (BrainPower, Inc., 
Calabasas, CA). 


Results 
Animal Weights 


Animal weights at the time of gastrostomy and pump 
implantation were similar by analysis of variance (AN- 
OVA) (p > 0.10) (Table 3). Changes in the weight of the 
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survivors on the day that they were killed compared by 
repeated measures ANOVA with their weight the day 
feedings were started demonstrated no significant differ- 
ence among the groups (p = 0.1793). Carcass weights at 
the time that the animals were killed did not differ sig- 
nificantly (p > 0.10). 

Weights of liver, spleen, adrenals, gastrocnemius mus- 
cle, and jejunal and ileal mucosa at time that the animals - 
were killed demonstrated no significant difference (p 
> 0.10 by ANOVA; Table 3). 


Contact Sensitization 


The mean increase in ear thickness in response to chal- 
lenge with DNFB was 30% + 2.8% in Group 1, 25% 
+ 4.2% in Group 2, 20% + 4.4% in Group 3, and 20% 
+ 4.3% in Group 4. Evaluation by ANOVA shows no 
significant differences among the four groups (p = 0.2606). 


Laboratory Testing 


Albumin was significantly lower in all experimen- 
tal groups compared with normal control animals (p 
= 0.0001), but there was no difference among experi- 
mental groups (Table 4). There were no significant dif- 
ferences in the levels of transferrin, C3, and cortisol (p 
> 0.05). 

Amino acid assays showed a significant decrease in most 
experimental groups compared with control of citrulline, 
glycine, isoleucine, leucine, ornithine, proline, serine, 
threonine, tryptophan, tyrosine, and valine (p < 0.01) 
(Table 5). Compared with the control group, cystine was 
higher in Group 2 (p < 0.01). The levels of the other ten 
amino acids measured were not different (p > 0.05). 


Nitrogen Balance 


The mean daily nitrogen balance between groups was 
—163.5 + 10.0 g in Group 1, —114.6 + 12.2 g in Group 
2, —57.1 + 17.2 g in Group 3, and +43.3 + 14.6 g in 
Group 4. Multiple regression analysis of the variables, 
including protein group, day of infection, and ultimate 
outcome, showed that neither day of infection nor ulti- 
mate outcome were significantly correlated with nitrogen 
balance (r = 0.107 and r = 0.074, respectively). Using 
stepwise regression to eliminate these variables from the 
equation, protein group was found to correlate signifi- 
cantly, although weakly, with nitrogen balance (r = 0.423, 
p = 0.0001). This linear relationship can be described by 
the equation: | 


(nitrogen balance) = —240.421 + 67.312 
(% protein in diet). 


Mortality 


There were eleven survivors of 24 animals (46%) in 
Group 1, six survivors of 26 animals (23%) in Group 2, 
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TABLE 3. Comparison of Weights* 
Weights Group | Group 2 Group 3 Group 4 
Animal weights (g) (ANOYA)t 
Gastrostomy 385 393 392 399 
(p = 0.6803) (8.5) (19.4) (6.7) (10.1) 
Pump placement 404 422 413 418 
(p = 0.7995) (13.4) (12.8) (12.6) (15.4) 
Day 0 of diet 388 447 397 459 
(p = 0.6738) (10.9) (23.6) (45.8) (57.0) 
At death 333 415 369 396 
(p = 0.183) (11.1) (35.6) (82.0) (42.1) 
Weight loss (g) (ANOVA)} 
Day 0 to time of death 55 31 28 63 
(p = 0.1793) 
Organ and tissue weights at death (g) 
(ANOVA)tT 
Liver 16.210 24.186 19.612 17.783 
(p = 0.2448) (1.222) (4.502) (7.383) (1.524) 
Spleen 0.515 0.631 0.531 0.624 
(p = 0.7433) (0.031) (0.169) (0.134) (0.070) 
Muscle 0.864 1.052 0.997 0.939 
(p = 0.7173) - (0.082) (0,147) (0.301) (0.143) 
Adrenal 0.326 0.419 0.413 0.483 
(p = 0.2716) (0.031) (0.055) (0.115) (0.104) 
Jejunal mucosa 0.468 0.441 0.390 0.527 
(p = 0.6819) (0.048) (0.082) (0.047) (0.055) 
Ileal mucosa 0.256 0.231 0.260 0.312 
(p = 0.6572) (0.02) (0.036) (0.036) (0.11) 
Carcass 106.601 143.258 117.250 133.515 
(p = 0.2246) (6.306) (18.400) (35.585) (15.172) 
* Values given as mean (SEM). t Two-factor repeated measures ANOVA. 
t One-factor ANOVA. 


three survivors of 25 animals (12%) in Group 3, and four 
survivors of 26 animals (15%) in Group 4 (Fig. 1). These 
differences are significant using total chi square analysis Protein metabolism is accelerated during sepsis where 
(p = 0.0247). Analysis of pairs of groups shows that mor- both synthesis and breakdown are increased. %8 However, 
tality was significantly higher in Groups 3 and 4 compared because catabolism occurs at a greater rate than synthesis, 
with Group 1 (p = 0.0212 and p = 0.0415, respectively). ` negative nitrogen balance results.'* Skeletal muscle wast- 


Discussion 


TABLE 4. Laboratory Values* 


Experimental Groups 


Normal 
Laboratory Values Controls Group | Group 2 Group 3 Group 4 
C; (mg/dl) 207.250 127.145 110.600 72.233 185.800 
(p = 0.2096) (44.621) (32.735) (21.913) (4.564) (50.725) 
Transferrin (mg/dl) 254.000 287.545 268.000 294.333 245.000 
(p = 0.851) (14.479) (38.754) (20.474) (2.404) (21.107) 
Albumin (g/dl) 2.950 2.009 2217 2.233 2.275 
(p = 0.0901) (0.042) (0.107) (0.06) (0.133) (0.202) 
Cortisol (mg/dl) 73.838 152.756 129.333 173.200 140.533 
(p = 0.1007) (3.986) (28.32) (23.311) (35.652) (49.862) 


* Values given as mean (SEM). 
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Amino Acid 


Alanine 
(p = 0.182) 


Arginine 
(p = 0.1781) 


Aspartate 
(p = 0.3274) 


Citrulline 
(p = 0.0001) 
Controls > Groups 1—4 


Cystine 
(p = 0.0039) 
Controls < Group 2 


Glutamate 
(p = 0.2552) 


Glutamine 

(p = 0.2372) 
Giycine 

(p = 0.0001) 

Controls > Groups 1-4 
Histidine 

(p = 0.5375) 


H-Proline 
(p = 0.6882) 


Isoleucine 
(p = 0.0002) 
Controls > Groups 1-3 


Leucine 

(p = 0.0006) 

Controls > Groups [-3 
Lysine 

(p = 0.0506) 


Methionine 
(p = 0.0812) 


Ornithine 
(p = 0.0469) 


Controls > Groups 1 and 2 


Phenylalanine 
(p = 0,0198) 
Controls > Groups 1-4 


Proline 
(p = 0.0001) 


Controls > Groups 1 and 3 


Serine 
(p = 0.0001) 
Controls > Groups 1-3 


Threonine 

(p = 0.0003) 

Controls > Groups 1-3 
Tryptophan 

(p = 0.0001) 

Controls > Groups 1-3 
Tyrosine 

(p = 0.0001) 

Controls > Groups 1-3 


Valine 
(p = 0.0001) 
Controls > Groups 1-4 


* Values given as mean (SEM) in nmol/cc. 
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TABLE 5. Amino Acid Assays* 


Normal Controls ~ Group | 
315.571 251.538 
(13.741) (28.413) 
110.429 60.900 

(4.825) (11.374) 
61.000 44,154 
(1.633) (5.428) 
68.857 18.583 
(2.219) (2.539) 
15.571 53.385 
(1.020) (11.311) 
199.143 208.077 
(2.502) (25.845) 
319.000 261.385 
(15.087) (45.063) 
1562.429 608.500 
(24.741) (47.226) 
201.143 129.923 
(2.689) (4.834) 
33.000 30.231 
(1.397) (3.319) 
99.143 43.308 
(3.298) (7.873) 
166.429 85.308 
(4.122) (13.437) 
201.143 129,923 
(8.334) (21,316) 
35.571 24,308 
(1.875) (3.713) 
215.286 118.308 
(22.194) (18.183) 
95.286 68.231 
(1.169) (6.569) 
221.429 117.769 
(7.087) (11.490) 
270.571 140.615 
(4.087) (9.784) 
244.000 124.615 
(5.090) (17.146) 
66.429 35.385 
(1.674) (5.522) 
78.714 41.077 
(1.107) (5.560) 
262.571 107.385 
(6.941) (16.546) 


Group 2 


279.875 
(31.533) 


58.167 
(22.325) 


58.125 
(8.342) 


15.625 
(2.291) 


95.571 
(17.596) 


251.250 
(36.482) 


400.625 
(52.800) 


669.875 
(59.423) 


123.000 
(12.062) 


34.375 
(3.585) 


46.125 
(12.34) 


87.000 
(19.502) 


123.000 
(16.329) 


28.750 
(4.876) 


89.875 
(11.880) 


67.375 
(7.041) 


161,375 
(14.829) 


150.125 
(16.792) 


123.125 
(14.889) 


27.125 
(6.911) 


36.875 
(5.749) 


108.750 
(24.910) 


Group 3 
200.750 
(26.628) 


97.000 
(39.398) 


54.500 
(14.110) 


25.000 
(5.859) 


67.500 
(15.365) 


127.500 
(31.661) 


299.750 
(46.046) 


514.500 
(78.597) 


107.250 
(5.543) 


36.250 
(4.939) 


26.000 
(3.028) 


54.500 
(7.599) 


107.250 
(15.776) 


18.250 
(2.955) 


155.750 
(70.163) 


58.250 
(11.123) 


140.500 
(10.137) 


150.750 
(32.907) 


128.500 
(22.526) 


30.250 
(7.910) 


35.000 
(5.244) 


81.750 
(11.800) 
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Group 4 
237.600 
(15.619) 


74,600 
(22.158) 


50.600 
(3.655) 


21.600. 
(4.020) 


81.600 
(17.011) 


253.000 
(69.820) 


314.800 
(34.190) 


581.600 
(47.440) 


157.400 
(5.134) 


37.000 
(5.030) 


53,000 
(7.259) 


93.400 
(10.866) 


157.400 
(26.707) 


27,400 
(4.729) 


155.200 
(55.192) 


71,000 
(4.858) 


162.200 
(15.464) 


190.600 
(37.499) 


177.800 
(35.884) 


39.800 
(6.492) 


50.800 
(7.466) 


129.800 
(14.867) 
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ing and weight loss become clinically evident as sepsis 
progresses. Nutritional recommendations for the septic 
patient uniformly include increased calories and protein, 
given as a ratio of 100:1 to 150:1. Selivanov and Sheldon’? 
suggest 1.5-2.5 g of protein/kg/day for the moderately 
stressed patient, and 3 g/kg/day for the maximally cata- 
bolic patient. 

However, there are no data that correlate the amount 
of protein given to outcome. The goal thus far has been 
to supply protein until positive nitrogen balance has been 
restored. In the study noted above, Shaw and associates? 
found that total parenteral nutrition (TPN) solutions that 
infused protein over a range of 1.1-- 2.2 g/kg/day in 17 
septic patients reduced mean net protein catabolism to 
0.63 g/kg/day compared with the basal rate of 2.2 g/kg/ 


day when no protein was infused. Increasing the rate of. 


protein delivery from 1.1 g/kg/day to 2.2 g/kg/day pro- 
duced no additional decrease in net protein catabolism. 
In fact, optimal protein sparing was noted at 1.5-g of pro- 
tein/ke/day. 

Our results indicate that guinea pigs maintained on 
low-protein (5% of total calories) enteral diets during bac- 
terial peritonitis have improved survival (Fig. 1). By con- 
trast, healthy guinea pigs require 18-20% natural protein 
in diets for optimal growth and reproduction.’ We have 
shown that sham-operated 400-¢ guinea pigs eat approx- 
imately 17 g of natural chow daily, resulting in con- 
sumption of over 7 g of protein/kg/day. Comparisons of 
protein consumption between humans and guinea pigs 
become more meaningful if surface area is calculated. Es- 
timated protein requirements cf 1.5 g/kg/day in a septic, 
70-kg, 180-cm male is equivalent to 55 g of protein/m?/ 
day. This is the approximate protein content of the 15% 
diet used in this study (Table 1). The protein equivalent 
of the 5% experimental diet in this theoretical patient 
would be less than 0.5 g of protein/kg/day. This moderate 
protein restriction may result in improved survival either 
through modulation of the immune response or by an 
effect on bacterial virulence. 

In clinical studies, protein-calorie malnutrition in- 
creases the risk of infection, and infectious complications 
are responsible for many deaths of children suffering from 
marasmus or kwashiorkor.'' Although some studies of 
bacterial killing by phagocytes from children with protein- 
calorie malnutrition have shown reduction in bactericidal 
activity,'*'* measures of phagocytosis, chemotaxis, op- 
sonization, and respiratory burst activity are not different 
from those of controls.'*!’ Studies of immunoglobulin 
' production are inconsistent, probably because many chil- 
dren in these studies had concurrent infections.'*?! De- 
Jayed-type hypersensitivity is impaired by protein under- 
nutrition in most clinical studies.”°?’ In vitro tests of lym- 
phoproliferation also show impairment in cells harvested 
from malnourished children.”°?72* 2728 However, it is 
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* p=0.0212 
60 t p=0.0415 


50 11/24 *t 


Percent Survival 





Amount of Total Calorles as Protein 


Fic. 1. Percentage of survivors after 2 weeks of enteral diet feedings with 
different protein content during prolonged peritonitis. 


probably unreasonable to equate results from impover- 
ished populations of chronically malnourished children 


‘to hospitalized patients with more acute protein-calorie 


restriction. Experimental studies of short-term protein 
deprivation in animals have produced inconsistent results. 


. Length and severity of protein restriction, strain of animals 


and bacteria used, and other factors of experimental design 
can influence results.2? Conclusions that can be drawn 
from experimental studies include the observation that 
resistance to bacterial challenge is usually diminished by 
chronic protein restriction,*°*? but that bactericidal ac- 
tivity is generally unchanged.***° Depression of delayed- 
type hypersensitivity has also been confirmed in animal 
studies.?™3? 

Interpretation of our results should be done in the con- 
text of both protein metabolism and the effect of protein 
undernutrition on host immune function. None of the 
four experimental diets contained sufficient protein to 
offset the hypercatabolism of sepsis. All animals lost weight 
during the 2-week period of enteral feeding (Table 3), and 
although transferrin levels remained normal, albumin was 
significantly reduced in all groups (Table 4). In all exper- 
imental groups as compared to control, amino acid assays 
showed a significant decrease in levels of the amino acids 
citrulline, glycine, isoleucine, leucine, ornithine, proline, 
serine, threonine, tryptophan, tyrosine, and valine, sug- 
gesting generalized amino acid undernutrition, rather than 
a specific pattern of septic metabolism. Thus, all evidence 
suggests that even the 20% protein diet (6 g/kg/day) was 
insufficient to counter the proteolysis of sepsis. 

Nonetheless, there was improvement in survival in 
Group 1 compared with Groups 3 and 4 (Fig. 1). Dietary 
protein insufficient to match the metabolic needs of the 
animal did not adversely: affect survival in this model. 
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The improvement in survival using the lowest protein 
diet is difficult to explain. The myriad clinical and ex- 
perimental studies noted above have produced many in- 
consistent results. It is probably. illogical to compare the 
immune system of chronically malnourished children 
stricken with a variety of infections to that of previously 
healthy guinea pigs subjected to deprivation for only 2 
weeks. Thus future work must concentrate on the effects 
of short-term deprivation during active infection. Finally, 
it is possible that changes in host diet affect the virulence 
or growth of the invading bacteria. This mechanism has 
been proposed to explain the beneficial effects of iron- 
withholding in infections.“°** Protein-withholding could 
similarly restrain full expression of bacterial virulence. 
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Addition of Glutamine to Total Parenteral Nutrition 
After Elective Abdominal Surgery Spares Free 


Glutamine in Muscle, Counteracts the Fall 


in Muscle Protein Synthesis, and Improves 


Nitrogen Balance 





FOLKE HAMMAROQVIST, M.D.,* JAN WERNERMAN, M.D., PH.D.,t RUSTOM ALI, PH.D.,+ 
ALEXANDRA VON DER DECKEN, P.D.,§ and ERIK VINNARS, M.D., PH.D.|] 


Twenty-two patients undergoing elective abdominal surgery were 
given total parenteral nutrition (TPN) after the operation. The 
TPN contained either a conventional amino acid solution sup- 
plemented with glutamine or a conventional amino acid solution 
without supplementation. To study amino acid and protein me- 
tabolism, muscle biopsy specimens were taken before surgery 
and on the third postoperative day. The postoperative decrease 
in the intracellular concentration of free glutamine was less pro- 
nounced in the glutamine group (21.8 + 5.5%) than in the control 
group (38.7 + 5.1%; p < 0.05). The protein synthesis was re- 
flected in the concentration and size distribution of ribosomes. 
No significant changes in these parameters were seen in the 
glutamine group after the operation. In the control group, the 
total concentration of ribosomes fell by 27.2 + 8.5% (p < 0.05), 


and the relative proportion of polyribosomes fell by 10.6 + 2.9. 


% (p < 0.01). Although there were significant changes in the 
control group, no significant differences in the changes of these 
parameters between the two groups were detected. The cumu- 
lative nitrogen loss was significantly less in the glutamine group 
as compared to the control group during the period studied— 
2.3 + 1.4 g versus 8.5 + 1.5 g, respectively (p < 0.01). Admin- 
istration of glutamine to catabolic patients is advocated. 


LUTAMINEIS THE MOST ABUNDANT free amino 
acid in the body, and it constitutes more than 
60% of the free intracellular amino acids in 


skeletal muscle.! For pharmaceutical reasons, commer- . 


cially available amino acid solutions for intravenous (I.V.) 


nutrition do not contain glutamine. Glutamine admin- 


istration has not been considered necessary because it is 
not an essential amino acid. Glutamine plays a central 


role in the metabolism of free amino acids. It is obtained ` 


in the body by several metabolic pathways. Alpha-keto- 
glutarate is converted via glutamate and transamination 
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reactions into glutamine. Glutamine and alanine, quan- 
titatively the most abundant amino acids, are synthesized 
de novo in skeletal muscle by transamination of other 
amino acids.? The enzyme glutamine-synthetase, which 
catalyzes the transamination to glutamine, is found to be 
high particularly in skeletal muscle and kidney. After 
amination of glutamate to glutamine, it becomes the most 
important carrier of ammonia from the peripheral tissues 
to the splanchnic area.’ In the synthesis of purines and 
pyrimidines, glutamine is a donor of nitrogen, and hence 
glutamine is essential for the proliferation of cells.* It has 
been found that, in animals, a positive relationship exists 


_ between the concentration of glutamine and the rate of 


muscle protein synthesis." 

After operation and trauma, an increased amount of 
free amino acids are mobilized from skeletal muscle tis- 
sue.” A negative nitrogen balance is observed together 
with a decrease in muscle mass. The skeletal muscle pro- 
teins are considered the major source of the excreted ni- 
trogen.®” After surgical trauma, the concentration of free 
glutamine in skeletal muscle decreases characteristi- 
cally.!™!! This alteration is not prevented by administering 
TPN after operation.!? After elective abdominal surgery, 
the protein synthesis in skeletal muscle decreases, in- 
dependent of whether or not postoperative TPN is 
provided.'? Alpha-ketoglutarate is the keto-acid corre- 
sponding to glutamate and indirectly to glutamine. Post- 
operative TPN supplemented with ornithine-alpha-ke- 
toglutarate (OAK) maintains the protein synthesis in 
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TABLE 1. Characteristics of the Patients and the Operative Procedure 
(Means + SEM) 


Glutamine Control 
Characteristics Group Group 
Men/women 3/6 4/9 
Age (years) 50 + 4 54 +3 
Weight (kg) 7144 HEZ 
Height (cm) 168 + 4 JIZ? 
Perioperative blood loss (m!) 450 + 110 340 + 80 
Operation time (minutes) 118 + 15 106 + 16 


skeletal muscle as assessed by ribosome analysis'* and 
improves the nitrogen balance.'*’° 

In this study, glutamine-supplemented TPN was ad- 
ministered to patients after elective abdominal surgery. 
Glutamine improved the nitrogen balance and diminished 
the decline of the free glutamine concentration in skeletal 
muscle. The addition of glutamine in TPN also counter- 
acted the decrease in protein synthesis, as judged by n- 
bosome analysis. The results indicate a beneficial effect 
of glutamine on amino acid and protein metabolism in 
catabolic patients. 


Patients and Methods 


The study comprised patients (n = 22) who had no 
metabolic, circulatory, or renal diseases and who were 
admitted for elective cholecystectomy. They were ran- 
domized into two groups according to the amino acid 
solution given as part of the postoperative TPN. The 
characteristics of the patients and of the surgical procedure 
are shown in Table 1. The nature and purpose of the 
experimental procedure, as well as the risks involved, were 
explained to the patients before obtaining their voluntary 
consent. The protocol of the study was approved by the 
Ethical Committee of the Karolinska Institute, Stockholm, 
Sweden. 

The two groups received an isocaloric (135 kJ/kg bw/ 
24 hours of nonprotein calories) and isonitrogenous (0.2 
g of N/kg bw/24 hours) TPN for 3 days immediately after 
surgery. Patients of the control group (n = 13) were ad- 
ministered a commercially available amino acid solution 
(Vamin, KabiVitrum, Stockholm, Sweden). Patients of 
the glutamine group (n = 9) received glutamine supple- 
mentation (0.285 g/kg bw/24 hours) to the same amino 
acid solution, the amount of which was reduced to obtain 
an isonitrogenous amino acid support. The glutamine- 
containing solution was prepared for each individual pa- 
tient by the Pharmaceutical Unit of the South Hospital, 
Stockholm, Sweden, immediately before it was admin- 
istered, and thereby the content of glutamine in the amino 
acid solution was guaranteed. The nonprotein calories 
were provided as isocaloric amounts of glucose (Glukos 
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20%, Pharmacia Infusion, Uppsala, Sweden) and fat 
emulsion (Intralipid 20%, KabiVitrum). On the day of 
surgery, the TPN supply was half that administered during 
subsequent days. 

After overnight fasting and premedication with oxicon- 
scopolamine, general anesthesia was induced with thio- 
pental sodium, fentanyl, and pancuronium. It was main- 
tained with nitrous oxide/oxygen and intermittent doses 
of fentanyl. Intraoperatively, the patients received a glu- 
cose-electrolyte solution (Ringerdex, Pharmacia Infusion). 
As prophylaxis against thromboembolic complications, 
500 mi of Dextran 70, 60 g/l (Macrodex med natri- 
umklorid, Pharmacia Infusion) was administered. Blood 
samples were taken each morning during the study, and 
the urine was collected in 24-hour portions. 

Muscle biopsies specimens were taken from the lateral 
portion of the quadriceps femoris muscle before the op- 
eration (immediately after induction of anesthesia) and 
on the morning of the third day after surgery, using the 
percutaneous needle biopsy technique.'® The tissue spec- 
imens were carefully dissected, and all visible connective 
tissue and fat was removed. Approximately 150 mg of 
wet weight of skeletal muscle was divided into portions 
for the determination of amino acids, electrolytes, and 
ribosomes. Occasionally there were difficulties in obtain- 
ing adequate amounts of biopsy material on the third 
postoperative day. Hence the two groups were extended 
to include eight subjects on whom the muscle amino acid 
concentration determination and the ribosome analysis 
were performed. Not less than 50 mg of wet weight of 
muscle was saved for ribosome analysis, and two pieces 
of 20-—30-mg wet weight for amino acid determination. 
The electrolyte content was analyzed from two specimens 
weighing approximately 15 mg each. The muscle samples 
were weighed within 5 minutes before being frozen in 
liquid nitrogen. Thereafter tacy were stored at —80 C 
pending analysis. 

The concentrations of amino acids in plasma and in 
skeletal muscle tissue were determined by ion exchange 
chromatography! using an automated amino acid analyzer 
(Alpha Plus, LKB Products, Bromma, Sweden) applying 
DC-6 ion exchange resin (Durrum CA,) and lithium ci- 
trate buffers. The muscle specimen was homogenized and 
precipitated in sulphosalicylic acid. The concentration of 
the free amino acids was determined per liter of intracel- 
lular water. The calculation of intracellular water content 
was based on Nernst’s equation, taking into account the 
total water content of the muscle specimen, the total pro- . 
tein concentration in serum, and the chloride concentra- 
tion in serum and muscle tissue. The membrane potential 
was assumed to be normal, —87.2 mV." 

The total concentration and size distribution of ribo- 
somes in skeletal muscle tissue was determined by a 
method described in detail elsewhere. !8 In brief, the muscle 
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TABLE 2. The Concentrations of Free Amino Acids in Plasma (umol/l) Before Elective Abdominal Surgery and on the Third Postoperative Day in 
Patients Receiving Glutamine-Supplemented TPN (n = 8) or TPN of Traditional Composition (n = 8) Values are given as means + SEM 


Glutamine Group Control Group 
Amino 
Acids Day 0 Day 3 Day 0 Day 3 
Tau 110.6 + 17.4 120.1 + 38.0 84.5 + 10.5 92.2+ 79 
Asp 8.64 0.7 95+ 0.8 63+ 0.5 84+ 0.5* 
Thr 154.1 + 13.8 1730 + 152 160.2+ 17.0 178.2+ 15.7 
Ser 1614.5+ 15.3 152.6+ 12.8 137.34 12.2 1476+ 13.1 
Asn 78.2 + 10.2 73.0 + 4.47 70.34 3.6 79.5+ 98 
Glu 97.2+ 7.9 684+ 8.67 63.0+ 10.9 48.7+ 8.1* 
Gln 624.8+ 26.4 572.4 + 31.8* 658.5+ 21.8 646.4+ 17,3 
Gly 329.8 + 43.1 296.5 + 28.7 287.9 + 30.4 273.9+ 24.4 
Ala 357.9 + 42.4 426.2 +£ 50.6 344.9 + 13.2 369.8 + 66.0 
Val 257.5 + 172 266.9 + 12.9 2762+ 9.9 308.6 + 29.2 
Cys 60.9+ 2.2 539+ 3.1* 63.0+ 7.7 580+ 7.6 
Met 286+ 3.8 39.1 £+ 3.9% 2.54 2.7 32.4+ 36 
Ile GLITE 3.7 73.7 £  5.4* 65.924 2.7 779+ 75 
Leu 147.6 + 12.8 156.9+ 8.0 1424+ 6.4 149.1+ 18.6 
Tyr 62.2+ 6.1 75.52% 4.7* 28+ 53 741+ 89 
Phe 58.2 + 42 83.6% 2.8 632+ 4.7 86.2+ 7.8" 
Lys 215.1 + 10.1 205.1% [l.i 178.0 + 15.6 171.44 18.9 
His 79.2 + 11.9 844+ 4.0 90.8+ 3.0 848+ 4.5 
Try 35.8= 2.4 449+ 3.7 29.14 3.5 30.0+ 5.2 
AIP 98.5= 8.1 95:1 2 F2 78.5+ 12.4 716+ 13.6 
ESS 1045.9 = 59.1 1127.8 + 52.6 1087.3+ 76.9 1135.8 + 95.0 
TOT 3036.5 + 163.3 3022.5 + 159.4 2964.6 + 111.6 2977.3 + 169.8 
BCAA 466.8 + 35.0 497.5 + 25.1* 4844+ 17.9 535.6+ 52.6 
* p< 0.05, tp <0.01 significantly different after operation when com- lencine; Leu = leucine; Tyr = tyrosine; Phe = phenylalanine; Lys = Ly- 
pared with preoperative values. sine; His = histidine; Try = Tryptophane; Arg = arginine. 


Tau = Taurine; Asp = aspartate, Thr = threonine; Ser = serine; Asn 
= Asparagine; Glu = glutamate; Gln = glutamine; Gly = Glycine; Ala 
= alanine; Val = valine; Cys = cysteine; Met = methionine; Ile = Iso- 


samples were homogenized in a medium containing an 
RNase inhibitor. The suspension then obtained was cen- 
trifuged for 10 minutes at 1500 g. The pellet was saved 
for DNA determination. The supernatant, containing the 
ribosome particles, was ultracentrifuged at 102,000 g for 
2 hours in a 40.2 rotor (Beckman Instruments, Palo Alto, 
CA). The ribosome pellet then obtained was resuspended, 
and thereafter, a part of it was layered onto a sucrose 
density gradient and centrifuged at 149,000 g for 60 min- 
utes in a SW 50.1 rotor (Beckman Instruments). After 
centrifugation, the gradient was pumped through a con- 
tinuous flow cuvette, and the absorbance at 260 nm was 
monitored. The area under the absorbance curve was cal- 
culated to evaluate the proportion of polyribosomes from 
the total amount of ribosome particles. From another 
portion of the ribosome suspension, the total ribosome 
concentration was read spectrophotometrically at 260 nm 
and was expressed in optical density (OD) units per mil- 
ligram of DNA. The DNA content was analyzed by a 
, fluorescence method using salmon DNA as standard.!? 
The whole body nitrogen balance was calculated for 
each day of the study based on the parenterally provided 
nitrogen and on the urinary losses of urea,” creatinine 
(Jaffe reaction, Beckman, Astra 4, Beckman Instruments) 
and ammonia (Berthelot reaction technique, LKB cal- 
culating absorptiometer 7400, LKB Products). The non- 


ESS = sum of essential amino acids. 
TOT = total sum of amino acids. 


urinary nitrogen losses were estimated to be approximately 
1.5 g per 24 hours, which was added to the urinary nitro- 
gen losses. 

All values are given as means + SEM. Student’s t-test 
for paired samples was used to compare different obser- 
vations within the groups, and a two-way analysis of vari- 
ance was used to compare the two groups.! 


Results 


The effects of supplementing TPN with glutamine after 
elective abdominal surgery were studied. Percutaneous 
muscle biopsies were performed before surgery and on 
the third postoperative day for analyses of the ribosome 
concentration and size distribution and the concentrations 
of free intracellular amino acids in skeletal muscle. The 
results were compared with those in a control group re- 
ceiving isocaloric and isonitrogenous TPN without glu- 
tamine. The concentration of free amino acids in plasma 
and intracellular free amino acids in skeletal muscle were 
determined. In plasma, the concentrations of glutamate, 
glutamine, and cysteine decreased while the concentra- 
tions of methionine, isoleucine, tyrosine, and phenylal- 
anine increased on the third postoperative day as com- 
pared to the preoperative values in the glutamine group 
(p < 0.05; Table 2). In the control group, the concentra- 
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TABLE 3. The Concentrations of Intracellular Free Amino Acids in Skeletal Muscle (mmol/l IC Water) Before Elective Abdominal Surgery 


and on the Third Postoperative Day in Patients Receiving Glutamine-Supplemented TPN (n = 8) or TPN of 
Traditional Composition (n = 8). Values are Given as means + SEM. 


Glutamine Group 


Control Group 


Amino 

Acids Day 0 Day 3 Day 0 Day 3 
Tau 23.31 + 1.78 20.64 + 2.43 23.53 + 2.60 25.07 + 2.72 
Asp 1.78 + 0.18 1.30 + 0.09* 1.65 + 0.30 1.77 + 0.34 
Thr. 1.02 +0.11 1.32 + 0.12 1.11 +0.12 1.42 + 0.14* 
Ser 1.44 + 0.18 1.56 + 0.21 1.11 + 0.17 2.10 + 0.45* 
Asn 0.63 + 0.07 0.78 + 0.08 . 0.56 + 0.08 0.54 + 0.08 
Glu 5.40 + 0.48 3.98 + 0.68* 5.72 + 0.69 4.44 + 0.58f 
Gln 22.64 + 1.82 17.70 + 2.26T§ 24.65 + 2.39 15.10 + 1.28ł 
Gly 2.38 + 0.28 2.38 + 0.27 2.25 + 0.16 2.43 + 0.26 
Ala 4.38 + 0.34 5.14 + 0.40 4.84 + 0.59 5.26 + 0.64 
Val 0.42 + 0.03 0.45 + 0.08 0.34 + 0.03 0.43 + 0.06 
Cys 0.08 + 0.02 0.04 + 0.02* 0.06 + 0.03 0.03 + 0.01* 
Met 0.02 + 0.01 0.08 + 0.01* 0.02 + 0.01 0.07 + 0.04* 
Ile 0.18 + 0.02 0.24 + 0.02* 0.12 + 0.01 0.20 + 0.04* 
Leu 0.27 + 0.02 0.39 + 0.03* 0.30 + 0.03 0.47 + 0.08* 
Tyr 0.16 + 0.01 0.21 + 0.02 0.12 + 0.02 0.17 + 0.03 
Phe 0.11 + 0.02 0.20 + 0.024 0.09 + 0.02. 0.12 + 0.02 
Lys 1.58 + 0.22 1.32 + 0.16 1.27 + 0.18 1.02 + 0.12 
His 0.58 + 0.09 0.58 + 0.10 0.40 + 0.03 0.32 + 0.03T 
Arg 0.75 + 0.18 0.56 + 0.07 0.74 + 0.17 0.45 + 0.05* 
ESS 3.60 + 0.39 4.00 + 0.37 3.25 + 0.37 3.72 + 0.66 
TOT 43.83 + 3.32 38.23 + 3.78 45.35 + 3.79 36.33 + 3.017 
BCAA 0.87 + 0.08 1.09 + 0.10 0.76 + 0.03 1.10 + 0.16* 





* p < 0.05, tp < 0.01, tp < 0.001 significantly different after operation 
when compared with preoperative values. 

§ p < 0.05: significantly different postoperative change when compared 
with the control group. 

Tau = Taurine; Asp = aspartate, Thr = threonine; Ser = serine; Asn 
= Asparagine; Glu = glutamate; Gln = glutamine; Gly = Glycine; Ala 


tions of aspartate and phenylalanine increased and that 
of glutamate decreased. No significant differences between 
the two groups were detected concerning the changes in 
plasma amino acid concentrations. As compared to the 
preoperative values, the concentration of free.glutamine 
in skeletal muscle decreased by 21.8 + 5.5% (p < 0.01) 
in the glutamine group and by 38.7 + 5.1% (p < 0.001) 
in the control group (Table 3). The decrease was signifi- 


TABLE 4. The Total Ribosome Concentration and the Percentage of 
Polyribosomes From Total Ribosomes Before Operation 
and on the Third Postoperative Day" 


Glutamine Control 
Group Group 
Total ribosome concentration 
(OD/mg DNA) 
Before operation 51.9 + 7.0 46.7 + 7.1 
Third postoperative day 44.2+7.0 34.0 + 4.07 
Percentage of polyribosomes 
of total ribosomes (%) 
Before operation 46.6 + 2.0 52.1 + 1.9 
Third postoperative day 42.6 + 2.4 46.6 + 2.34 


* The patients received glutamine-enriched TPN (n = 8) or conven- 
tional TPN (n = 8). The values are given as means + SEM. 

t p <0.05, tp < 0.01 significantly different after operation when com- 
pared with preoperative values. 


= alanine; Val = valine; Cys = cysteine; Met = methionine; Ile = Iso- 
lencine; Leu = leucine; Tyr = tyrosine; Phe = phenylalanine; Lys = Ly- 
sine; His = histidine; Try = Tryptophane; Arg = arginine. 

ESS = sum of essential amino acids. . 

TOT = total sum of amino acids. 


cantly less in the glutamine group than in the control 
group (p < 0.05; Fig. 1). In the glutamine group, the in- 
tracellular concentrations of aspartate, glutamate, and 
cysteine decreased, and the concentrations of methionine, 
isoleucine, leucine, and phenylalanine increased on the 
third day after surgery, as compared to the values obtained 
before surgery (p < 0.05). In the control group, the intra- 
cellular concentrations of threonine, serine, cysteine, me- 
thionine, isoleucine, and leucine in muscle increased (p 
< 0.05) whereas the concentrations of glutamate, histidine, 
carnosine, and arginine, as well as the total sum of amino 
acids, decreased after the operation as compared to the 
original levels before surgery (p < 0.05). Apart from the 
change in glutamine, no significant differences between 
the two groups were detected. 

No significant changes in the parameters reflecting pro- 
tein synthesis in skeletal muscle were seen in the glutamine 
group, whereas the control group showed a postoperative 
decrease in all variables as compared to the preoperative ` 
values (Table 4). In the glutamine group, the total con- 
centration of ribosomes expressed as OD units per mil- 
ligram of DNA declined by 14.8 + 7.4% after the oper- 
ation, (p = 0.08) and in the control group, by 27.2 + 8.5% 
(p < 0.05) compared with the initial values. The per- 
centage proportion of polyribosomes from total ribosomes 
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Fic. 1. The percentage decrease of the intracellular glutamine concen- 
tration in skeletal muscle on the third day after elective abdominal surgery 
as compared to the values obtained before the operation. After the op- 
eration, the patients were supplied with conventional TPN (n = 8, open 
bars) or TPN supplemented with glutamine {n = 8, hatched bars). The 
glutamine concentration decreased in both groups (p < 0.01), but the 
fall was less pronounced in the glutamine group as compared to the 
control group (p < 0.05). Values are given as means + SEM. 


percentage decrease of glutamine 


was 46.6 + 2.0% for the glutamine group and 52.1 + 1.9 
for the control group. If the relative abundance of poly- 
ribosomes before surgery was equal to 100, there was a 
8.6 + 3.9% (p = 0.06) decrease in the glutamine group 
and a 10.6 + 2.9%. decrease (p < 0.01) in the control 
group on the third postoperative day, as compared to the 
preoperative values. None of the parameters showed any 
detectable difference between the two groups. 

The nitrogen balance was calculated in 24-hour periods. 
It was not significantly different from zero on any indi- 
vidual day in the glutamine group. On each day during 
the study, the control group showed a negative nitrogen 
balance (p < 0.05; Table 5). 

In the control group, the cumulative nitrogen balance 


` was negative on the third postoperative day (p < 0.001), 


but it was not significantly different from zero in the glu- 
tamine group (Fig. 2). An improved cumulative nitrogen 
balance during the studied period was seen in the gluta- 
mine group as compared with the control group (p 
< 0.01). 
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TABLE 5. Nitrogen Balance in g N/24 Hours during 3 Days 
Immediately After Elective Abdominal Surgery* 


Glutamine Group Control Group 


Day | -1.1 £0.7 -2.9 + 0.7t 
Day 2 -0.2 + 1.3 -2.5 + 0.9t 
Day 3 ~1.0+0.8 —3.1 + 0.9$ 


* The patients received glutamine-enriched TPN (n = 9) or conven- 
tional TPN (n = 13). Values are given as means + SEM. 
t+ p < 0.05, tp < 0.01 significantly different from zero. 


Discussion 


Supplementation of TPN with glutamine after elective 
abdominal surgery diminished the loss of free glutamine 
in skeletal muscle tissue, counteracted the decline in the 
ribosome parameters reflecting muscle protein synthesis, 
and improved the nitrogen balance, as compared to TPN, 
without the extra addition with glutamine. 

The decrease in the free glutamine concentration in 
skeletal muscle is a highly reproducible sign of whole body 
protein catabolism after trauma'®!''!? and in septic 
states.*” The fall is profound in severely ill ICU patients 
and is correlated with survival.” A triple hormone infu- 
sion of adrenaline, cortisol, and glucagon simulating sur- 
gical stress depresses the glutamine concentration after 6 
hours.” After elective surgery, the muscle glutamine de- 
crease is present as early as 12 hours after operation.” 
Total starvation alone causes a reduction in muscle glu- 
tamine content after 3 days.” The glutamine concentra- 
tion also declines after semi-starvation and bed rest for | 


gN 


1 2 3 
postoperative day 


FG. 2. The cumulative nitrogen balance during 3 days immediately after 
elective abdominal surgery. After the operation, the patients received 
conventional TPN (n = 13, open bars) or TPN supplemented with glu- 
tamine (n = 9, hatched bars). On each day, the cumulative nitrogen 
balance was negative in the control group (p < 0.01), whereas it was not 
significantly different from zero on any day in the glutamine group. On 
the third postoperative day, the cumulative nitrogen balance was signif- 
icantly improved in the glutamine group as compared with the control 
group (p < 0.01). Values are given as means + SEM. 
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week, but not after bed rest alone.” Hence trauma and 
sepsis per se seem to be the most important pathogenic 
factors underlying the depletion of muscle glutamine. 

A correlation between muscle glutamine concentration 
and muscle protein synthesis, as reflected by incorporation 
of *H-phenylalanine into muscle protein, has been re- 
ported in animal experiments.’ Great efforts have been 
made to prevent postoperative glutamine depletion in or- 
der to spare muscle protein. Postoperative TPN alone does 
not influence the decrease in muscle glutamine concen- 
tration.'* Provision of an amino acid solution enriched 
in branched-chain amino acids (BCAA) does not attenuate 
the glutamine fall.” However, supplementation of post- 
operative TPN with OAK spares muscle glutamine 
(Hammarqvist et al., unpublished data). After elective 
surgery, an increase in the intracellular concentrations of 
BCAA is a constant finding.'*!* This rise in skeletal mus- 
cle was seen in the control group, although valine did not 
change significantly (Table 3). In the glutamine group, 
the total sum of BCAA was unaffected, whereas the con- 
centrations of leucine and isoleucine increased. No sig- 
nificant differences in the changes of BCAA were observed 
between the two groups after operation. As demonstrated 
in earlier investigations, the basic amino acids declined 
in the control group.’°!* This decrease was prevented by 
the supplementation with glutamine of the TPN. When 
bicarbonate is given after the operation, a similar effect 
is observed.”® 

Protein synthesis in vivo in skeletal muscle is reflected 
in the concentration and size distribution of ribosomes.?® 
This is the only technique available at present to make 
repetitive assessments of muscle protein synthesis in vive 
in surgical patients.!*'*?? Ribosome determinations give 
qualitative information about the capacity for protein 
synthesis in terms of the total ribosome concentration, 
and about the activity of protein synthesis in terms of the 
relative abundance of polyribosomes.*°"! Elective surgery 
depresses muscle protein synthesis regardless of whether 
or not postoperative TPN is administered.!? Ribosome 
analysis does not show that an amino acid mixture en- 
riched with BCAA after operation has any effect on protein 
synthesis in skeletal muscle.” OAK, on the other hand, 
preserves both the capacity and activity of protein syn- 
thesis after elective surgery.'* In the glutamine group, the 
total ribosome concentration and the percentage of poly- 
ribosomes approached a significant decrease (p = 0.08 
and p = 0.06, respectively). The significant fall in these 
parameters in the control group is in accord with earlier 
findings. >!47? If the concentration of polyribosomes per 
milligram of DNA is calculated by multiplying the total 
ribosome concentration by the percentage of polyribo- 
somes, a 24 + 6% decrease (p < 0.01) was found in the 
glutamine group and a 34 + 6% decline (p < 0.001) was 
found in the control group on the third day after surgery, 
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as compared to preoperative values. No significant dif- 
ference between the glutamine and the control group was 
detected. Thus, in the glutamine group, the ribosome pa- 
rameters show a tendency towards a postoperative de- 
crease, which becomes significant in terms of concentra- 
tion of polyribosomes per milligram of DNA. This indi- 
cates that muscle protein synthesis is not completely 
preserved compared with the preoperative level. 

The postoperative nitrogen balance after abdominal 
surgery is negative in nondepleted patients despite the 
administration of TPN.'?*? Studies that show a positive 
nitrogen balance either comprise malnourished patients 
or have not taken the extrarenal nitrogen losses into ac- 
count. An increased nitrogen supply does not improve 
the nitrogen balance in well-controlled studies. A sup- 
ply of 0.2 g of N/kg bw/day is more than adequate com- 
pared with the postoperative need of nondepleted sub- 
jects.*? The nitrogen balance was not significantly negative 
in the glutamine group, but the control group showed a 
negative nitrogen balance on each postoperative day (p 
< 0.05). A similar effect on postoperative nitrogen balance 
in nondepleted patients is observed when OAK is added 
to TPN.!*!5 

Cholecystectomy 1s used as a reproducible model of 
trauma with a fully evoked postoperative metabolic re- 
sponse.** Healthy subjects are exposed to a standardized 
surgical trauma without any substantial blood loss. The 
amount of glutamine administered (0.285 g of glutamine/ 
kg bw/24 hours) was calculated to be comparable to the 
total decrease in the intracellular glutamine pool in skeletal 
muscle observed during the immediate postoperative pe- 
riod in patients exposed to surgical trauma.!!! 

A major portion of the glutamine entering the splanch- 
nic circulation is taken up by the small intestine.*>*° The 
mucosa is dependent on the availability of glutamine, 
which is used as a substrate for energy production even 
in the presence of glucose.?’ Dexamethasone enhances 
the release of glutamine from skeletal muscle and causes 
an increased uptake of glutamine in the intestine of 
dogs.28:39 

A supply of alpha-ketoglutarate or glutamine may be 
necessary to provide carbon-skeletons corresponding to 
the increased efflux of glutamine from peripheral tissues 
observed in protein catabolic states. The pharmaceutical 
difficulties regarding the inclusion of glutamine in an 
amino acid solution may be overcome by providing this 
amino acid as a dipeptide that is stable in aqueous solu- 
tion,“ as alpha-ketoglutarate, which is stable in solution 
(Hammarqvist et al., unpublished data), or as a dry am- ` 
poule of glutamine to be dissolved and added to the amino 
acid solution immediately before it is used. 

In conclusion, beneficial effects were seen with a glu- 
tamine-supplemented amino acid solution as part of TPN 
after elective surgery. The intracellular free glutamine 
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concentration in skeletal muscle improved significantly, 
and there were indications of a less pronounced decrease 
in muscle protein synthesis. The whole body nitrogen 
balance was determined during the study period. The re- 
sults suggest the supplementation of TPN with glutamine 
to catabolic patients. The effects of glutamine supple- 
mentation in TPN should be further investigated with 
special emphasis on the energy and protein metabolism 
of the intestinal mucosa and on the relationship between 
glucose and energy metabolism in the postoperative state. 
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Leukotrienes but not Complement Mediate Limb 
Ischemia-Induced Lung Injury 





JOSEPH M. KLAUSNER, M.D., IAN S. PATERSON, M.B., F.R.C.S., LESTER KOBZIK, M.D., C. ROBERT VALERI, M.D.,” 


DAVID SHEPRO, PH.D. it and HERBERT B. HECHTMAN, M. 


Reperfusion after limb ischemia leads to sequestration of poly- 
morphonuclear leukocytes (PMN) in the lungs and to leukocyte- 
(WBC) and thromboxane- (Tx) dependent respiratory dysfunc- 
tion. This study examines the intermediary role of the che- 
moattractants leukotriene (LT)B, and complement (C) fragments. 
Anesthetized sheep with chronic lung lymph fistulae underwent 
2 hours of tourniquet ischemia of both hind limbs. In untreated 
controls (n = 7), 1 minute after tourniquet release, mean pul- 
monary artery pressure (MPAP) rose from 13 to 38 mmHg (p 
< 0.05) and returned to baseline within 30 minutes. Pulmonary 
artery wedge pressure was unchanged from 3.6 mmHg. There 


were increases in plasma LTB, levels from 2.46 to 9.34 ng/ml 


(p < 0.01), plasma TxB, levels from 211 to 735 pg/ml (p 
. < 0.05), and lung lymph TxB; from 400 to 1005 pg/ml (p < 0.05). 
C3 levels were 96% of baseline values. Thirty minutes after re- 
perfusion, lung lymph flow (QL) increased from 4.3 to 8.3 ml/ 
30 minutes (p < 0.05), lymph/plasma protein ratio was un- 
changed from 0.6, and the lymph protein clearance increased 
from 2.6 to 4.6 ml/30 minutes (p < 0.05), data consistent with 
increased microvascular permeability. WBC count fell within 
the first hour from 6853 to 3793/mm?* (p < 0.01). Lung histology 
showed leukosequestration, 62 PMN/10 high-power fields 
(HPF) and proteinaceous exudates. In contrast to this untreated 
ischemic group, animals treated with the lypoxygenase inhibitor 
diethylcarbamazine (n = 5) demonstrated a blunted reperfusion- 
induced rise in MPAP to 17 mmHg (p < 0.05). There were no 
increases in LTB, TxB,, QL or lymph protein clearance (p 
< 0.05). WBC count was unchanged and lung leukosequestration 
was reduced to 40 PMIN/10 HPF (p < 0.05). Decomplementation 
with cobra venom factor (n = 4) resulted in plasma C3 levels, 
10% of baseline, but tourniquet release still led to pulmonary 
hypertension, elevated LTB,, TxB, levels, and a decline in WBC 
count similar to that of untreated ischemic control animals. His- 
tology showed 46 PMN/10 HPF sequestered in the lungs. Fur- 
ther, bilateral hind limb ischemia in either genetically sufficient 
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(n = 10) or deficient (n = 10) C5 mice led to significant lung 
leukosequestration of 108 and 106 PMN/10 HPF, respectively, 


compared with 42 and 47 PMN/10 HPF in sham C5(+) and C5 


(—) mice (n = 20) (p < 0.01). These results suggest that the 
lung leukosequestration and increased microvascular perme- 
ability after lower torso ischemia are mediated by the chemotactic 


agent LTB,, but not by the complement system. 

l leads to respiratory failure associated with se- 

questration of neutrophils in the lungs.'* The ac- 

cumulation and activation of these inflammatory cells is 
believed to be caused by chemotactic agents generated by 
the ischemic tissue and released into the circulation. Thus, 
leukotriene (LT) B, as well as the complement fragments 
C5 and C5a, when infused intravenously, have been 
shown to lead to thromboxane (Tx) generation, lung leu- 
kosequestration and injury.*> The role of these agents in 
ischemic injury is suggested by reports that myocardial 
damage after experimental coronary occlusion can be sig- 
nificantly reduced by LT inhibition® or by inactivation of 
the complement system.’ Other evidence that points to 
the role of chemoattractants is less direct. For example, 
intravascular thrombin activation and associated lung _ 
microembolization, events considered by some to be 
central to lung injury after lower torso ischemia, are com- 
plement-dependent.’ This study was designed to test di- 
rectly the role of the chemoattractants, LTB,, and the 
complement system in mediating limb ischemia-induced 
lung injury. 
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Methods 
Sheep Preparation 


Female sheep (n = 19) weighing 25-44 kg underwent 
cannulation of the lung lymphatic according to a modi- 
fication of the technique described by Staub.'° Animals 
were anesthetized with intravenous (I.V.) pentobarbital 
sodium 15 mg/kg, paralyzed with 2 mg of pancuronium 
bromide, intubated, and mechanically ventilated with a 
volume cycled respirator using room air. Through a right 
posterolateral thoracotomy, the efferent duct of the caudal 
mediastinal lymph node was cannulated with a heparin- 
ized silastic catheter (No. 602-155, Dow Corning Corp., 
Midland, MI). The distal portion of the lymph node, just 
below the level of the inferior pulmonary ligament, was 
transected and ligated, and the diaphragm around the 
lymph node circumferentially cauterized. Systemic lymph 
tributaries to the proximal portion of the lymph node 
were cauterized or ligated to minimize extra-pulmonary 
contamination of collected lymph. The thoracotomy was 
closed and the lymphatic cannula was exteriorized through 
the chest wall. A thermistor-tipped pulmonary arterial 
(Electro-cath Corp, Rahway, NJ) and a central venous 
catheter were introduced through the right internal jugular 
vein. The aorta was cannulated via the adjacent carotid 
artery. After a recovery period of 4 to 5 days, when animals 
appeared vigorous, were afebrile, and had a steady flow 
of blood free lymph, the experiment was conducted. 


Cardiopulmonary Function 


Strain-gauge transducers (Model D-240, Bently Labo- 
ratories, Inc., Irvine, CA) were used to measure the fol- 
lowing pressures: mean arterial (MAP), mean pulmonary 
arterial (MPAP), and pulmonary arterial wedge (PAWP). 
The pulmonary microvascular pressure (Pmv) was cal- 
culated from the Gaar equation, Pmv = PAWP + 0.4 
(MPAP - PAWP).!! Pulse rate was determined from an 
arterial pressure trace. Cardiac output (CO) was measured 
in triplicate by thermodilation (Model 5000, Electro-Cath 
Corp., Rahway, NJ). Blood gases, pH, oxygen saturation, 
and hemoglobin were measured with Clark and Sever- 
inghaus electrodes and by spectrophotometry using ex- 
tinction coefficient specific to sheep blood (Model 813 
and 282, Instrumentation Laboratory, Lexington, MA). 


Hematology | 

Circulating platelets and white blood cells (WBC) were 
counted by means of phase microscopy. 
Biochemical Assays 


Plasma and lymph concentrations of TxB, and 6-keto- 
PGF 1a, the stable hydrolysis products of TxA2 and pros- 
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tacyclin, were measured in duplicate by radioimmunoas- 
say.'~ Blood was drawn into cooled syringes containing 
ethylene diamine tetracetic acid (EDTA) and aspirin. The 
blood was immediately centrifuged at 1500 X g at 4 C for 
20 minutes, and the plasma was separated and stored at 
—20 C until assayed. 

Concentrations of LTB, in plasma and lung lymph were 
measured in duplicate by radioimmunoassay’? using a 
rabbit antibody and standards supplied by Seragen (Cam- 
bridge, MA). Cross reactivity of anti-LTB, antibody with 
other LTs, TxB2, the prostaglandins (PGs), and their me- 
tabolites was less than 1%. Serum levels of the third com- 
ponent of complement (C3) were quantified immuno- 
chemically using a rate nephelometer (Immuno-chemistry 
Analyzer, Auto ICS, Becham Instruments, Brea, AC) and 
rabbit anti-sheep C3 antibody (Cappel Lab., West Chester, 
PA). Because complement standards for the serum of 
sheep are not commercially available, a pool of ten sera 
obtained from healthy sheep was used as our reference. 
The value obtained was assigned a level of 100% C3. The 
measured C3 levels are expressed as a percentage of this 
normal serum pool. 

Lung lymph was collected at 15- or 30-minute intervals 
in cold, graduated test tubes containing EDTA and as- 
pirin. The lymph was then centrifuged at 1500 X g and 
4 C for 20 minutes, and the supernatant was separated 
and stored at —20 C until assayed for TxB2, 6-keto- 
PGF la, and LTB,. Lymph and plasma total protein con- 
centrations were determined in duplicate by the spectro- 
photometric protein dye method described by Bradford.'* 


Histologic Examinations 


At the end of the experiment, animals were euthanized 
with an overdose of pentobarbital and potassium chloride. 
Glutaraldehyde (2.5%) was instilled into the lungs through 
an endotracheal tube at a pressure of 25 cm of H,O. After 
20 minutes. the hilum of the left lung was clamped. The 
lung was removed and immersed in glutaraldehyde for 
72 hours. Tissue samples were then taken in a uniform 
manner from identical, dependent lung regions. All mi- 
croscopic sections were stained with hematoxylin and 
eosin and were interpreted by a pulmonary pathologist 
(Lester Kobzik) in a blinded fashion. Lung sequestration 
of neutrophils was quantitated by counting alveolar septal 
wall neutrophils in ten randomly chosen high-powered 
fields (1000x). Microscopic fields in proximity to bronchial 


-structures, pleura, and large vessels were excluded. 


Experimental Protocol—Sheep 


Experiments were conducted in anesthetized sheep, 
placed supine, ventilated at a tidal volume of 15 ml/kg 
and a rate of 12-15 cycles/minute, adjusted to keep the 
PaCO, levels between 30 and 35 mmHg. The state of 


~ 
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anesthesia was maintained with a continuous infusion of 
0.1 mg/kg/minute of pentobarbital, and 30 ug/kg/minute 
of pancuronium. Saline, in an infusion of 7 ml/kg/hour, 
was infused throughout the course of the experiment. Ex- 
ternal heat was used to maintain body temperature be- 


tween 38 C and 39 C. After 2 hours of stabilization, base- 


line measurements were taken. Both hind-limbs were el- 
evated for 2 minutes to drain them of blood, and 
tourniquets were applied as high on the thighs as possible 
and inflated to 300 mmHg. After 2 hours of ischemia, the 
tourniquets were removed and the animals were moni- 
tored for another 2 hours. 

Studies were conducted in untreated ischemic animals 
(n = 7) or in sheep pretreated with the lypoxygenase in- 
hibitor diethylcarbamazine’? (DEC, Sigma, St. Louis, 
MO) (n = 5). Because we speculated that LTB, might be 
released from the ischemic tissue, DEC was started 30 
minutes before tourniquet application to achieve an ad- 
equate concentration in the ischemic limb. DEC was in- 
fused intravenously at 90 mg/kg over 20 minutes, followed 
by a constant infusion of 0.9 mg/kg/min. This dosage was 
based on the thesis that if DEC is distributed uniformly 
in body water, a lowest concentration of 150 mg/L or 
380 uM would result. Jn vitro studies showed that 
90% inhibition of LTB, synthesis was achieved at 250 
uM DEC.» 

In a third study, sheep (n=4) were depleted of comple- 
ment by repeated I.V. injections of purified cobra venom 
factor (CVF)'° isolated from the snake Naje haje (Cordis 
Lab, Miami, FL), 10 U/kg. The CVF was given three 
times per day for 3 days. The last injection was given 18 
hours before the experiment. Sham sheep (n = 3) were 
given 6 hours of anesthesia without hind-limb ischemia. 


Mice Studies 


Because depletion of complement with CVF is not 
complete and may not affect CS levels in lung parenchyma 
or ischemic tissues, and because CVF itself leads to lung 
leukosequestration!” complicating the evaluation of this 
end point, additional studies were performed in comple- 
ment-deficient mice. Two congenic strains were used, 
B10D2/Nsn C5-sufficient mice (C5+) (n = 20) and 
B10D2/Osn C5-deficient mice (C5—) (n = 20) (Jackson 
Lab, Bar Harbor, ME). All studies were conducted using 
males because of reports of intermediate C5 levels in fe- 
males of the deficient strain.'® The mice, weighing between 
20 and 30 g, were anesthetized with 60 mg/kg of intra- 
peritoneal pentobarbital sodium. C5+ (n = 10) and C5— 
(n = 10) mice were subjected to bilateral hind-limb isch- 
emia using rubber bands. These bands were applied after 
a 2-minute period of hind-limb elevation to minimize 
retained blood. The animals were then placed in the prone 
position, and after 3 hours, the tourniquets were removed. 
After another 3 hours of reperfusion, the mice were killed 
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with an intraperitoneal overdose of sodium pentobarbital, 
and the lungs were harvested using the following tech- 
nique. Through a tracheostomy, 2.5% glutaraldehyde was 
introduced at a pressure of 20 cm of H20 for 20 minutes. 
The trachea was then ligated, and the lungs were removed 
and bathed in glutaraldehyde for 24 hours. Sections for 
histology were taken from identical dependent lung re- 
gions and stained with hematoxylin and eosin. Quanti- 
tation of PMN was done as in sheep lungs. The lungs of 
sham controls C5+ (n = 10) and C5— (n = 10) mice were 
also studied. In these animals, all procedures were done 
as in the experimental group, except that the hind-limbs 
were not made ischemic. 

Results are expressed in the text and figures as mean 
+ standard error. Differences between means were tested 
by an analysis of variance, paired, and nonpaired t-test. 
When multiple comparisons were made, the Bonferroni 
procedure was applied.!? Significance was accepted if p 
< 0.05. 

Animals used in this study were maintained in accor- 
dance with the guidelines of the Committee on Animals 
of the Harvard Medical School and those prepared by the 
Committee on Care and Use of Laboratory Animals of 
the Institute of Laboratory Animals Resources, National 
Research Council (DHEW Publication No. 78-23, revised 
1978). 


Results 


During the 2 hours of tourniquet ischemia, there were 
no alterations in cardiopulmonary function, blood counts, 
or prostanoid levels. One minute after tourniquet release, 
MPAP rose from 13 + 1 to 38 + 4 mmHg (p < 0.05) and 
returned to baseline levels within 30 minutes (Fig. 1). 
There was a similar transient rise in Pmv from 7 + 1 to 
18 + 2 mmHg (p < 0.05), whereas the PAWP was un- 
changed from 4 + 1 mmHg. Also unchanged were blood 
gases, systemic arterial pressure, and CO. 

Lung QL increased from a baseline value of 4.3 + 0.6 
to 8.3 + 1.8 ml/30 minutes (p < 0.05) and remained el- 
evated for 2 hours (Fig. 2). The lymph/plasma (L/P) pro- 
tein ratio was unchanged from 0.60 + 0.03, and the lymph 
protein clearance increased from 2.6 + 0.4 to 4.6 + 0.8 
ml/30 minutes (p < 0.05) (Fig. 2). Plasma LTB, levels 
rose from 2.5 + 0.6 to 9.3 + 2.4 ng/ml (p < 0.01) at 2 
minutes of reperfusion and returned to baseline levels at 
30 minutes (Fig. 3). Lung lymph LTB, concentrations 
were unchanged during reperfusion from baseline values _ 
of 0.7 + 0.1 ng/ml. Levels of the complement fragment 
C3 were also unchanged (97% of baseline levels that were 
96% of C3 levels in pooled sheep sera) during ischemia 
and reperfusion. 

Plasma TxB2 levels rose from 211 + 21 to 735 + 112 
pg/ml (p < 0.05) after 2 minutes of reperfusion and re- 
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Fic. 1. Tourniquet release after 2 hours of bilateral hind-limb ischemia 
led to an immediate rise in MPAP. The pulmonary hypertension was 
attenuated by pretreatment with the lypoxygenase inhibitor DEC but 
not by decomplementation using CVF. 

“Significant differences relative to baseline values. 

+Significant differences between untreated animals and the DEC group. 


turned to baseline levels at 30 minutes (Fig. 4). Lung 
lymph TxB2 levels rose from 406 + 41 to 1005 + 530 pg/ 
ml (p < 0.05) and remained elevated above baseline (p 
< 0.05) for a more prolonged period than plasma levels 
(Fig. 4). Plasma and lymph 6-keto-PGF,,, concentrations 
were unchanged during ischemia and reperfusion from 
baseline values of 15 + 8 and 89 + 54 pg/ml, respectively. 

The circulating WBC count fell during reperfusion in 
each saline-treated sheep. The average decline during the 
first hour was from 6853 + 1149 to 3796 + 874 /mm? (p 


< 0.01). After the second hour, the WBC count had re- 


turned to 6583 + 1749/mm’, 

Platelet counts were unchanged by ischemia and 
reperfusion from their baseline values of 305,000 
+ 106,000/mm’?. 

Histologic examination of the lungs revealed accu- 
mulations of PMN within alveolar capillaries throughout 
the lung parenchyma (Figs. 5A-D), along with some foci 
of proteinaceous exudate within alveolar spaces. Neither 
platelet nor thrombin microaggregates were observed. 
Quantitative PMN counts showed 62 + 3 PMN/IOHPF, 
in contrast to 22 + 3 PMN/10 HPF in lungs of sham 


animals. 


Infusion of DEC caused a transient decrease in MAP 
from 91 + 4 to 69 + 7 mmHg (p < 0.05) and CO from 
3.34 to 2.89 L/min (p < 0.05). Both variables returned 
to baseline values within 15 minutes. There were no 
changes in MPAP, Pmv, PAWP, QL, L/P, WBC, or plate- 
let counts (Figs. 1 and 2). Further, plasma and lung lymph 
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Fic. 2. During reperfusion lung lymph flow, (QL) rose, the L/P protein 
ratio was unchanged, and lymph protein clearance increased. These 
changes are consistent with increased lung microvascular permeability. 
DEC prevented the rises in QL and lymph protein clearance, whereas 
CVF did not provide protection. 

“Significance relative to baseline. 

tSignificance when untreated animals and DEC animals are compared. 
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Fic, 3. Reperfusion led to a transient increase in plasma leukotriene 
(LT)B, levels. Pretreatment with DEC decreased baseline LTB, levels 
and prevented the reperfusion-induced generation of LTB,. Decomple- 
mentation (CVF) did not affect LTB, levels relative to untreated animals. 
“Significance relative to baseline. 
tSignificance between untreated and DEC groups. 
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Fic. 4. Tourniquet release led to an increase in plasma TxB, levels. A 
higher and more sustained rise of TxB, concentration occurred in lung 
lymph. DEC prevented the reperfusion-induced synthesis of TxB,, 
whereas CVF led to changes similar to those of untreated animals. 
*Significance relative to baseline. 
{Significance between untreated and DEC groups. 


TxB2 and 6-keto-PGF,,, levels were unchanged (Fig. 4). 
Plasma LTB, levels decreased from 2.9 + 0.2 to 1.5 + 0.2 
ng/ml (p-< 0.05) 30 minutes after DEC infusion (Fig. 2). 
After tourniquet release, there was an increase in MPAP 
from 11.1 + 1 to 16.7 + 1.1 mmHg (p < 0.05), but this 
value was lower than that seen in untreated ischemic con- 
trol animals (p < 0.05) (Fig. 1). In addition, Pmv rose 
from 6 + 1 to9 + 1 mmHg (p < 0.05) with an unchanged 
PAWP of 3 + 1 mmHg. DEC prevented reperfusion-in- 
duced increases in QL, lymph protein clearance, as well 
as in the elevations in plasma LTB, and plasma and lymph 
TxB2 levels (p < 0.05, respectively) (Figs. 2-4). The cir- 
culating WBC counts during reperfusion were unchanged 
from 6526 + 1343/mm?. Pulmonary parenchymal neu- 
trophil counts were 40 + 3 PMN/10 HPF lower than those 
of untreated ischemic sheep (Figs. 5A-D). 

Treatment with CVF reduced plasma C3 levels to 10.8 
+ 0.8% (p < 0.05) of pretreatment levels (102% of C3 
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levels in pooled sheep sera). Baseline cardiopulmonary 
function, eicosanoids levels, and WBC counts were un- 
changed relative to untreated ischemic and sham groups. 
Tourniquet release in these complement-depleted sheep 
led to increases in MPAP, Pmv, QL, lymph protein clear- 
ance, plasma LTB, concentration, and TxB2 levels in 
plasma and lung lymph similar to values in untreated 
ischemic animals (Figs. 1-4). Further, WBC counts fell 
during reperfusion to 2100 + 600/mm? (p < 0.05), and 
lung histology showed moderate leukosequestration of 46 
+ 6 PMN/10 HPF (Figs. 5A-D). 

Bilateral hind limb ischemia and reperfusion in both 
genetically sufficient or deficient C5 mice led to similar 
lung leukosequestration of 108 + 10 and 106 + 16 PMN/ 
10 HPF, respectively. These values were higher than those 
seen in sham C5(+) mice of 42 + 9 PMN/10 HPF (p 
< 0.01) and than those seen in sham C5(—) mice of 47 
+5 PMN/10 HPF (p < 0.01) (Figs. 6 and 7). 


Discussion 


Two hours of lower torso ischemia followed by reper- 
fusion led to lung injury manifest by pulmonary hyper- 
tension and increased microvascular permeability. The 
lymph data used to assess permeability—that is, the rise 
in QL and protein clearance—are consistent with in- 
creased permeability but do not prove it. It is possible 
that the increase in QL with an unchanged L/P protein 
ratio were due to an increase in pulmonary vascular sur- 
face area rather than to an altered permeability. This pos- 
sibility was excluded in previous studies of limb ischemia,,. 
where lung vascular surface area was fully recruited by 
inflation of a left atrial balloon. In this setting of a pressure 
independent L/P protein ratio, reperfusion leads to a rise 
in both QL and the L/P ratio and a decrease in the osmotic 
reflection coefficient, documenting increased lung micro- 
vascular permeability.7° 

Previous studies have demonstrated that tissue isch- 
emia-mediated lung injury requires generation of TxA2 
and the presence of WBC.' Thus, in animals pretreated 
with a Tx synthetase inhibitor or rendered leukopenic, 
jung injury is prevented.”°?! The major site of Tx synthesis 
after tourniquet release appears to be the lungs. This is 
indicated by the high and prolonged elevation of TxB, 
concentration in lung lymph as well as the transpulmonary 
concentration gradient of TxB,, where aortic TxB, levels 
are higher than those in pulmonary artery blood.”” The 
source: of TxA, may be from sequestered PMN or from 
lung parenchyma.”? 

We postulate that tissue ischemia stimulates the local 
generation of a chemoattractant, which is released into 
the circulation and activates neutrophils to be sequestered 
in the lungs. The observation that plasma LTB, levels rise 
after ischemia suggests the possibility that this agent is 
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FiGs. 5A-D. (A) Neutrophil sequestration was found in alveolar capillaries after 2 hours of limb ischemia. (B) Pretreatment with DEC reduced the 
pulmonary leukosequestration, whereas (C) CVF led to lung neutrophil accumulations. (D) The lung of sham animals appears normal (original 


magnification X600). 


the mediator. The relatively high baseline LTB, levels ob- 
tained by radioimmunoassay in plasma and lymph may 
be an error and may far exceed their true concentration.” 
Thus, WBC contained in the blood may be activated to 
secrete LTB, by the withdrawal and manipulation process 
that takes place before assay. It is also possible that the 
LTB, antibody cross-reacted with unknown plasma lipids 
or proteins. Nevertheless, we believe that the fourfold in- 
crease in plasma LTB, concentration during reperfusion 
reflects the true relative magnitude of change in endoge- 
nous LTB, synthesis. 

There are a number of potential LTB, synthetic sites, 
particularly mast cells as well as WBCs contained in tissue 
- and blood vessels of the ischemic limb.*°*4 In the ischemic 
limb, neutrophils are found adherent to capillary endo- 
thelium.’ This has been attributed to diminished flow 
and to rheologic properties of WBC. It is possible that 
these adherent WBC are activated to synthesize LTB,. An 
alternate explanation for PMN adherence in the ischemic 
tissue is that the neutrophils are responding to tissue che- 


moattractants such as LTB,. If the latter is true, then tissue 
macrophages and mast cells must be an important LTB, 
source. Further, the recent observation that endothelial 
cells can generate LTB, makes their contribution possi- 
ble.2° The lungs themselves are unlikely to be major con- 
tributors of LTB, synthesis, given the observation that 
LTB, levels in lung lymph were not elevated during re- 
perfusion. These considerations indicate separate synthetic 
sites for LTB, and TxA:, the lungs being prominent with 
regard to the latter eicosanoid. 

The central role of LTB, in mediating limb ischemia- 
induced lung injury is suggested by the observation that 
inhibiting its synthesis through the use of DEC prevented 
the lung injury. However, this protection does not un- 
equivocally prove a role for LTB,. The possibility that 
DEC induced its effect through another pathway unrelated 
to lypoxygenase inhibition, such as antioxidant activity, 
cannot be excluded. Further, because DEC also inhibits 
the synthesis of the peptidoleukotrienes C, and D4," in- 
volvement of these agents is also possible. Both LTC, and 
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Fic. 6. After bilateral hind-limb ischemia, lung leukosequestration 

quantitated as PMN/10 HPF was significantly greater in both genetically 

sufficient (C5+) and deficient (C5—) mice, compared with sham animals. 
*Significance relative to sham animals. 


LTD, can induce pulmonary vasoconstriction, Tx gen- 
eration, and possibly increased microvascular permeabil- 
ity.*°?4 However, LTC, and LTD, are not chemoattrac- 
tants and thus are unlikely mediators of lung WBC en- 
trapment. Further, it is unlikely that DEC provides 
protection through redirection of arachidonic acid to the 
cyclooxygenase pathway leading to increased synthesis of 
vasodilating prostaglandins, because 6-keto-PGF,, levels 
were unaffected by DEC. Finally, the possibility that DEC 
exerts at least part of its éffect by Tx inhibition must be 
considered. There is no evidence that DEC is a primary 
inhibitor of Tx, because DEC does not lower blood Tx 
levels in other experimental settings.*’** However, DEC 
does prevent the rise in TxB, after ischemia. This is most 
likely an indirect action. Thus, LTB, can stimulate tissue 
such as endothelium” and PMN” to synthesize Tx. DEC, 
by limiting LTB, synthesis, may therefore limit the rise 
in TxBp. It is likely that this secondary LT-induced gen- 
eration of TxA, is of great importance. Thus, in other 
studies, LTB,, when applied to abraided skin or injected 
subcutaneously, led to local PMN accumulations and Tx 
generation, events that were prevented with a Tx synthe- 
tase inhibitor.” 
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An important role of LTB, in mediating the lung injury 
that occurs after ischemia is also suggested by observations 
that LTB, administration leads to pulmonary sequelae 
similar to those of limb ischemia and reperfusion.* Thus, 
I.V. infusion of LTB, in sheep produced transient pul- 
monary hypertension, a rise in QL with an unchanged L/ 
P protein ratio, and a reduction of circulating neutrophils 
and of their entrapment in the lungs. Again, although in 
this study the L/P ratio was unchanged, the authors believe 
that LTB, induced a rise in permeability. This putative 
increase in microvascular permeability may be dependent 
on neutrophils. LTB, is known to activate neutrophils, 
leading to TxA; synthesis, oxygen-free radical generation, 
as well as lysosomal enzyme release.°*** In addition to 
neutrophil activation, LTB, may directly affect the vas- 
cular barrier. Thus, LTB, infused into an isolated white 
blood cell-free, perfused lung, induced increased 
permeability*. Further, LTB, increased the passage of '*°I- 
albumin through an endothelial cell (EC) monolayer.‘ 

One mode of LTB, action in directly modulating the 
vascular barrier is by altering EC architecture and cyto- 
skeleton. LTB, leads to disassembly and disruption of 
cytoskeletal actin microfilaments.*! This is associated with 
widening of interendothelial junctions and increased per- 
meability to protein.*'*? This effect of LTB, on EC cy- 
toskeleton is mediated by TxA>. Thus, LTB, stimulates 
endothelial Tx synthesis,” an event that, when inhibited, 
prevents the LTB,-induced change in the EC cyto- 
skeleton.*” 

Although LTB, appears to account for the lung leu- 
kosequestration and injury that occur after limb ischemia, 
other chemotactic agents may also be involved. Thus ox- 
ygen-free radicals (OFR) have been implicated in isch- 
emia-reperfusion injury.” These agents may produce di- 
rect damage or may induce the generation of chemoat- 
tractants that are secondarily injurious. Because OFR 
activate the arachidonic acid cascade, it is plausible that 
they may serve as a stimulus for the synthesis of LTB, 
and TxA>.*4 

The observation that C3 levels were unchanged during 
ischemia and reperfusion does not necessarily indicate 
that the complement system was not activated and con- 
sumed, because the assay for C3 using polyclonal anti- 
bodies may measure complement degradation as well as 
precursor products. However, other evidence indicates 
that the chemotactic proteins of the complement system 
do not play a role in ischemia-induced lung injury. Thus, 
depletion of C3 by CVF, and thereby reduction of levels . 
of the terminal components C5 to C9, is not protective, 
and lung leukosequestration is not prevented in genetically 
deficient C5 animals. That C5 is unlikely to mediate the 
lung injury after ischemia is further suggested by reports 
that, unlike ischemia-induced leukosequestration,!?*! 
complement-induced lung leukosequestration is not Tx- 





Fics. 7A-C. Neutrophil sequestration in alveolar capillaries occurred in 
both (A) C5-sufficient and (B) CS-deficient mice, whereas (C) the lungs 
of C5-deficient sham mice appeared normal (original magnification 
X800). 


dependent. However, C5 may still play a local role in 
mediating WBC recruitment and injury in ischemic tissue 
such as that in the heart after myocardial ischemia.’ The 
inability of CS to mediate remote injury in the lungs after 
lower torso ischemia may be due to insufficient release of 
activated complement fragments into the circulation. Fi- 
nally, although platelet activating factor is a strong che- 
moattractant, the inability of its antagonist SRI 63-072 
to prevent lung leukosequestration and Tx release after 
limb ischemia would seem to exclude it as a mediator.' 
In summary, the linkage between local ischemia and 
distant inflammation is believed to occur by synthesis of 
LTB, in the ischemic region and its release into the cir- 
culation during reperfusion. This event, coupled with 
TxA; synthesis, leads to neutrophil sequestration in the 
lungs with resultant increased microvascular permeability. 
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cerebral arteriosclerosis or epilepsy, or other factors which predispose to seizures (SEE ADVERSE REACTIONS). 

Anaphylactic reactions following the first dose have been reported in patients receiving therapy with quinolones. 
Some reactions were accompanied by cardiovascular collapse, loss of consciousness, tingling, pharyngeal or facial 
edema, dyspnea, urticaria, and itching. Only a few patients had a history of hypersensitivity reaction. Anaphylactic 
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sign of hypersensitivity or allergy. 

Severe hypersensitivity reactions characterized by rash, fever, eosinophilia, jaundice, and hepatic necrosis with 
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reaction. 

Crystals of ciprofloxacin have been observed rarely in the urine of human subjects but more frequently in the urine 
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function (SEE DOSAGE AND ADMINISTRATION). 

As with any potent drug, periodic assessment of organ system functions, including renal, hepatic, and hemato- 
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Drug Interactions: As with other quinolones, concurrent administration of ciprofloxacin with theophylline may lead to 
elevated plasma concentrations of theophylline and prolongation of its elimination half-life. This may result in 
increased risk of theophylline-related adverse reactions. If concomitant use cannot be avoided, plasma levels of 
theophylline should be monitored and dosage adjustments made as appropriate. 

Quinolones, including ciprofloxacin, have also been shown to interfere with the metabolism of caffeine. This may 
lead to reduced clearance of caffeine and a prolongation of its plasma half-life. 

Antacids containing magnesium hydroxide or aluminum hydroxide may interfere with the absorption of ciprcflox- 
acin resulting in serum and urine levels lower than desired; concurrent administration of these agents with ciprcflox- 
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Concomitant administration of the nonsteroidal anti-inflammatory drug fenbufen with a quinolone has been 
reported to increase the risk of CNS stimulation and convulsive seizures. 

Probenecid interferes with the renal tubular secretion of ciprofloxacin and produces an increase in the level of 
ciprofloxacin in the serum. This should be considered if patients are receiving both drugs concomitantly. 

As with other broad-spectrum antibiotics, prolonged use of ciprofloxacin may result in overgrowth of nonsuscepti- 
ble organisms. Repeated evaluation of the patient's condition and microbial susceptibility testing is essential. If 
superinfection occurs during therapy, appropriate measures should be taken. 
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hypersensitivity reactions, even following a single dose, and to discontinue the drug at the first sign of a skin rash or 
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Cholestatic jaundice has been reported. 
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CRYSTALLURIA, CYLINDRURIA, AND HEMATURIA HAVE BEEN REPORTED. 
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Tracheostomies in Burn Patients 
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The use of tracheostomies in burned patients with inhalation 
injuries is now reserved for specific indications rather than as 
prophylactic airway management. A 5-year burn center experi- 
ence with tracheostomies used in this fashion is presented. 
Ninety-nine tracheostomies were performed in 3246 patients who 
had indications of prolonged respiratory failure or acute loss of 
airway. Although colonization of the sputum was universal, nei- 
ther rates of pulmonary sepsis nor mortality were significantly 
increased in patients who underwent tracheostomies. Twenty- 
eight patients developed late upper airway sequelae, including 
tracheal stenosis (TS), tracheoesophageal fistula (TEF), and 
tracheoarterial fistula (TAF). Duration of intubation correlated 
only with development of TAF, whereas patients in whom TEF 
developed were significantly older and more likely to have evi- 
dence of tracheal necrosis at the time of tracheostomy. The 
pathogenesis of upper airway sequelae in these patients as di- 
vergent responses to the combined insults of inhalation injury, 
infection, and intubation is considered. 


PPER AIRWAY INJURIES and their sequlae con- 

| | tinue to be major management problems in the 
care of patients with burn and inhalation in- 

juries. In the past, tracheostomies were used for initial 
airway management in many of these patients. However, 
recognition of the short duration of intubation required 
for many inhalation injuries, as well as the high rate of 
complications that may be associated with tracheostomies, 
led to the more conservative approach currently practiced, 
reserving tracheostomies for use with specific indications 
rather than as “prophylactic” airway control.’ This study 
examines a 5-year experience of tracheostomies used for 
specific indicationsn in a major metropolitan burn center 
in order to determine outcome after the procedure, and 
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attempts to identify the underlying pathogenesis of upper 
airway sequlae in these patients. 


Methods 


Records of those patients who underwent emergent and 
elective tracheostomy during the study period were ex- 
amined. Data were collected regarding the extent of injury 
of each patient, indication and duration of endotracheal 
and transtracheal intubation, and outcome after trache- 
ostomy, including development of postoperative pul- 
monary sepsis and late upper airway problems. The 
method of tracheostomy to be performed was chosen at 
the discretion of the operating surgeon, but was generally 
performed through a longitudinal tracheal incision at the 
second or third tracheal ring without removal of cartilage. 
The specific type and size of the tube to be used was again 
chosen at the discretion of the surgeon; however, high- 
volume low-pressure cuff tubes were used in all cases ex- 
cept in those smaller children who required a cuffless tube. 
In all cases, mechanical respiratory support was provided 
using volume-cycled ventilators. Statistical analysis was 
performed using analysis of variance techniques. 


Results 


During the period of 1982-1986, 3246 patients with 
acute injuries were admitted to The New York Hospital 
Burn Center. Ninety-nine of these patients underwent 
tracheosomy during the course of their stay at the hospital. 
During these 5 years, the annual number of acute ad- 
missions steadily increased, but the percentage of patients 
undergoing tracheostomy remained relatively constant at 
approximately 3% (Fig. 1). Demographics of the study 
population are listed in Table 1. 
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FIG. 1. The incidence of tracheostomies at The New York Hospital Burn 
Center. The number of admissions, (bar graph), and the percentage of 
patients who required tracheostomies, (line graph), are indicated. 


In 75% of the patients, indications for endotracheal in- 
tubation were upper airway edema and respiratory distress 
(Table 2). Twenty-four patients were intubated beyond 
the day of injury, usually for respiratory failure secondary 
to pneumonia or pulmonary edema. In 88 patients, in- 
dications for tracheostomy included prolonged respiratory 
failure. Eleven patients with severe burn and inhalation 
injuries required emergent tracheostomy after attempts 
to perform endotracheal intubation proved unsuccessful. 

Seventy-four of the 99 patients who underwent trache- 
ostomies died, with 54% of the deaths related to respiratory 
complications. Sepsis, present in more than 80% of the 
patients, was the leading cause of death and was the result 
of a pulmonary infection in 43% of the patients (Table 
3). Other causes of death included myocardial infarction, 
respiratory arrest, and exsanguination from massive 
hemorrhage. 

When compared with a matched group of burn patients 
with and without inhalation injury stratified by burn size 
(Fig. 2), the mortality rate of patients who underwent tra- 
cheostomy was higher only in cases associated with burns 
of less than 30% total body surface area (TBSA). These 
differences were not statistically significant. 

Intraoperative complications were infrequent and gen- 
erally minor, consisting of displacement or balloon rup- 
ture necessitating change of the tracheostomy tube. Fifty- 
seven patients had an uncomplicated post-tracheostomy 
course. Thirty-seven patients were successfully weaned 


TABLE 1. Demographics of Study Population 


Survivors Deaths 
No. of patients 25 74 
Men/women 17/8 54/20 
% TBSA burn 25.4 41.9 
(0-63) (0-95) 
Age (years) 50.3 SLS 
(2-72) (0.8-89) 
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TABLE 2. Indications for Intubation 


Indications Survivors Deaths 
Intubated on arrival 18 SI 
Upper airway edema 15 39 
Respiratory arrest 3 18 
Intubated during hospital course 7 17 
Pneumonia 5 9 
ARDS l 5 
Other l 3 
Tracheostomy 25 74 
Prolonged intubation 29 63 
Lost airway 0 11 


from mechanical ventilation, and the tracheostomy tube 
was removed 18 days after the procedure, on the average. 

Sepsis was the most frequent source of morbidity (Fig. 
3). Colonization of the sputum was present in 98% of the 
patients who underwent tracheostomies, but was not sig- 
nificantly different from colonization rates in patients in- 
tubated with endotracheal tubes. Colonizing organisms 
generally reflected the flora of the burn wound. 

Invasive pulmonary infection occurred in 72% of pa- 
tients who underwent tracheostomies, compared with 47% 
of endotracheally intubated patients—but again, the dif- 
ference was not statistically significant. The mortality rate 
associated with invasive pulmonary infection in patients 
with tracheostomies was 59%. 

Major late upper airway sequelae developed in 28 pa- 
tients and are listed in Table 4. Death in patients with TS 
was generally not related to tracheal lesion, whereas pa- 
tients with TEF and TAF usually died of sepsis and ex- 
sanguinating hemorrhage, respectively. 

The relationships of duration of total endotracheal and 
transtracheal intubation, age, magnitude of burn injury, 
and the presence of tracheal abnormalities at operation 
with the development of late upper airway sequelae is 
demonstrated in Figure 4. 


Discussion 


Inhalation injury most commonly results in edema of 
the periglottic tissues, and this may lead to obstruction of 
the upper airway during the early postburn period. Such 


TABLE 3. Causes of Death in Burned Patients with 
Tracheostomies (n = 74) 


No. of 
Cause of Death Patients 
Sepsis 60 (81.1) 
Pulmonary source 26 (43.3) 
Other source 34 (56.7) 
Myocardial infarction 6 (8.1) 
Lost airway/arrest 5 (6.7) 
Massive hemorrhage 3 (4.1) 


Vol. 209 « No. 4 


% Mortality 
100 _ 








80- r 


60 | W ] 











30 - 60 > 60 
% TBSA Burn 


0- 30 








—- -e 
| C] Tracheostomies B inhalation Injury B no Inhalation Injury 





FIG. 2. Comparative mortality by burn size among burned patients with 
and without inhalation injury and those who underwent tracheostomies. 


edema generally resolves within several days, resulting in 
a short duration of intubation required in most inhalation 
injury patients? if not complicated by pre-existing pul- 
monary disease or the superimposition of infection or 
pulmonary edema. Additionally, the high complication 
rates previously reported as occurring after tracheostomy 
creation in such patients has led to avoidance of the use 
of the procedure as the initial means of airway manage- 
ment after thermal injury.' Prolonged respiratory failure 
requiring mechanical ventilation and emergent loss of 
airway are the major indications for tracheostomies in 
these patients. 

Tracheostomies provide a good portal of entry for mi- 
cro-organisms into the respiratory tract and continue to 
be associated with high rates of pulmonary colonization 
and sepsis.'? However, our data indicate that with current 
methods of supportive care, the presence of a tracheos- 
tomy tube would appear to represent no greater risk for 
pulmonary infection than would an endotracheal tube. 

Mortality was compared between patients who required 
tracheostomies, patients with inhalation injuries that did 
not require tracheostomy, and burned patients without 
inhalation injury treated during the study period (Fig. 2). 
Stratified by burn size, the mortality rate for patients who 
required tracheostomy was higher than for patients with 
inhalation injury that did not require tracheostomy only 
if the burn size was less than 30% TBSA. However, this 
trend did not achieve statistical significance. 

As expected, in patients with burn size of less than 60% 
TBSA, the presence of inhalation injury greatly increased 
mortality. Even given the frequent incidence of pneu- 
monia in these patients, this increase in mortality above 
that observed for the burn injury alone appears even 
greater than that previously reported by Shirani et al.* 
This may be due to differences in study populations; in- 
juries treated in our institution are primarily due to urban 
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Fic. 3. Comparison of the occurrence of pulmonary sepsis after inhalation 
injury in patients who underwent tracheostomies and those who did not 
undergo tracheostomies. 


accidents, are more likely to occur in closed spaces, and 
are more likely to result in more severe inhalation injury. 
Our data further indicate that in burn injuries of greater 
than 60% TBSA, mortality is more dependent on the 
magnitude of the thermal injury than on associated in- 
halation injury or respiratory complications. 

The development of major late upper airway sequelae, 
such as TS and TEF and TAF, continues to plague the 
burn patient requiring tracheostomy, despite the use of 
high-volume low-pressure cuffed tubes.° The pathogenesis 
of these complications is not yet entirely clear, but is no 
doubt the result of the combined insults of inhalation 
injury, infection, and the presence of endotracheal and 
transtracheal tubes on the upper airway. 

Inhalation injury, which was present in 76 of the pa- 
tients in this study, is usually the initial insult, resulting 
in tracheobronchitis. Severity of inhalation injury has 
proven difficult to quantitate, and thus its exact role in 
the pathogenesis of upper airway sequelae is unknown. 
Frequently, secondary bacterial infection then occurs, 
complicated by the presence of a foreign body, the tracheal 
tube. The current data fail to reveal a significant relation- 
ship between the duration of endotracheal intubation or 
total endotracheal and transtracheal intubation with the 
development of major late upper airway problems other 
than TAF. TAF appears to result from the erosion of the 


TABLE 4. Postoperative/Late Complications 


Complications Survivors Deaths 
One or more postoperative or late 
complications 9 19 
Ts 6 5 
TEF 3 6 
TAF 3 
Other complications l 
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Age Magnitude of Burn Injury 
Years . % TBSA Burn 
60 60 
pe 40 
40 
30 
30 
20 
20 
10 10 
o Fic. 4. The relationship of 
Complication ái e ii x No TS TEF TAF the factors of age, magnitude 
PRT O08 si ead: coma of burn injury, duration of 
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Duration of Intubation 





Days Percentage 
co á 100 
80 
60 
40 
20 

No TS TEF TAF 
Complication 
0 
CJeEndotracnea!t EZ Transtracheal No 
Complication 


*p<0.01 


long-standing tube anteriorly through the tracheal wall 
into the innominate artery.° Also, the lack of correlation 
between duration of intubation and development of other 
upper airway sequelae in our data differs from earlier 
reports? and may reflect improved methods of supportive 
care and the use of more tissue-compatible tracheal tubes.* 

In our study, magnitude of burn injury likewise fails 
to correlate with the development of late upper airway 
disease. However, it is notable that patients in whom TEF 
eventually developed were significantly older and more 
likely to have evidence of tracheal necrosis at the time of 
the procedure. 

These findings suggest two divergent sequlae to the 
combined insults of inhalation injury, infection and in- 
tubation. Younger patients tend to respond in a hyper- 
trophic fashion, resulting in the development of tracheal 
granulation tissue and stenosis. Older patients are more 
likely to respond in a degenerative fashion, with tracheal 
wall necrosis leading to TEF formation. 

Endotracheal intubation, particularly via the nasotra- 
cheal route, is preferable to tracheostomy for early man- 
agement of the compromised upper airway in the burned 
patient. However, the ideal point at which to change to 
transtracheal intubation in order to avoid glottic damage 
has not been clearly determined in burned patients.* 
Generally, it has been our practice to proceed with tra- 
cheostomy in the patient who requires mechanical ven- 


Abnormal Findings at Tracheostomy 


tracheal intubation, and the 
presence of abnormalities in 
the trachea at tracheostomy 


to the development of the 
upper airway sequelae of TS, 
rx TEF, and TAF. 
TS TEF TAF 


p < 0.001 


tilation for more than 2 weeks. Given that a number of 
these patients already had evidence of tracheal damage at 
the time of tracheostomy, it seems unlikely that further 
delay in performance of tracheostomies will eliminate 
major late upper airway sequelae. 

Until a superior means for prolonged airway protection 
can be devised, tracheostomies should continue to be used 
in a similarly judicious fashion. However, all patients who 
requiring either endotracheal or transtracheal intubation 
of more than several days’ duration should be carefully 
followed with examinations of the upper airway to enable 
early detection and treatment of lesions. 
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Central Venous Catheter Vascular Erosions 


Diagnosis and Clinical Course 
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Central venous catheter (CVC) vascular erosions are difficult to 
diagnose, and they cause serious complications. From 1985 to 
1987, ten patients receiving the surgical services at the University 
of Florida suffered CVC vascular erosions. By chest roentgen- 
ogram, nine CVC tips were in the superior vena cava (SVC), 
although three catheter tips abutted the lateral wall of the SVC. 
One catheter tip was in the right atrium. All patients had sudden 
onset of symptoms, the most common of which was shortness 
of breath. Initial diagnosis was respiratory insufficiency in five 
patients, cardiac failure in three patients, pulmonary embolism 
in one, and sepsis in one. Four patients required intensive care. 
Two patients suffered pericardial tamponade, and pleural effu- 
sions developed in eight patients. One patient died of cardiac 
arrest. The average time interval from CVC placement to onset 
of symptoms was 60.2 hours, and from the onset of symptoms 
to the time of diagnosis, the interval was 16.7 hours. The mean 
volume obtained at thoracentesis was 1324 ml and at pericar- 
diocentesis was 250 ml. 


ENTRAL VENOUS CATHETERS (CVC) are often a 
necessity in treating critically ill patients and in 
treating those who require total parenteral nu- 
trition (TPN). Complications associated with catheter in- 
sertion and maintenance, however, occur in as many as 
20% of patients with CVCs.'” Critically ill patients are 
less able to tolerate complications, and thus morbidity 
and mortality may be significant in these patients. 
Complications such as pneumothorax, air embolism, 
and arterial laceration may occur immediately upon in- 
sertion of a CVC, whereas other complications, such as 
sepsis, cellulitis, pericardial tamponade, and hydrothorax 
may occur with time. The patient’s primary illness may 
obscure the diagnosis of a CVC complication. Erosion of 
a CVC into the pericardium or into the thoracic cavity 
may have disastrous consequences, with mortality rates 
as high as 74%.° Karnauchow’* reviewed the English-lan- 
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guage literature in 1986 and described 49 cases of cardiac 
tamponade secondary to CVC erosions. The rate of mis- 
diagnosis was 73%; the overall mortality rate was 69%. 
Rapid diagnosis of a CVC erosion should minimize mor- 
bidity and mortality. This report describes the diagnostic 
evaluation and clinical course of ten patients who suffered 
from CVC vascular erosions. 


Patients 


Between 1984 and 1987, ten patients receiving the sur- 
gical services at the University of Florida suffered from 
CVC vascular erosions (Table 1). This represented less 
than 0.4% of all CVCs inserted during that period. Eight 
of these patients were receiving TPN, and two required a 
CVC for venous access. In six patients, the CVC was 
placed in the left subclavian vein; in two patients, it was 
placed in the right internal jugular vein; and in one patient, 
it was placed in the right external jugular vein. One patient 
had two catheters, one in the left subclavian vein and one 
in the right internal jugular vein. By initial chest roent- 
genogram, nine of ten CVCs were in the superior vena 
cava (SVC), although three catheter tips abutted the lateral 
wall of the SVC. One catheter tip was in the right atrium. 

Average patient age was 61.2 years (range of 32-87 
years). Five patients were men and five were women. Four 
catheters were inserted by residents in their third year of 
surgical training; two were inserted by chief surgical res- 
idents; and five were inserted by surgical interns under 
the supervision of senior or chief residents. 

Symptoms were sudden in onset for all patients; com- 
mon symptoms were shortness of breath (n = 6), dyspnea 
(n = 3), and chest pain (n = 3). 

The initial diagnosis was respiratory insufficiency in 
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TABLE 1. Clinical Course of Patients with CVC Vascular Erosion 
Interval from Interval from 
Insertion Onset of 
Patient Age Site of Fluid Presenting to Onset of Symptoms to Drainage Procedure/ 
No. (years) Insertion Infused Symptom(s) Symptoms Time of Diagnosis Volume (ml) 
l 64 RIJ TPN Hypotension 56 hours 7 hours Pericardiocentesis/300 
2 13 LSC TPN Tachycardia 144 hours 36 hours Bilateral 
thoracentesis/2200/ 
1600 
3 69 LSC TPN SOB, 50 hours 36 hours Thoracentesis/1 150 
confusion 
4 63 LSC TPN SOB, 30 hours 13 hours Thoracentesis/ 1 100 
tachycardia 
5 72 REJ TPN Chest pain, 36 hours 5 hours None done 
confusion 
6 37 LSC 5%D SOB, dyspnea 96 hours 7 hours Thoracentesis/ 1300 
7 32 LSC TPN SOB, dyspnea, 36 hours 12 hours Thoracentesis/680 
chest pain 
8 72 LSC TPN SOB, chest 72 hours 24 hours Thoracentesis/ 1335 
pain 
9 44* RIJ, LSC TPN Cardiac arrest 48 hours 2 hours Pericardiocentesis/200 
10 87 LSC 5%D SOB, dyspnea 34 hours 3 hours Thoracentesis/ 1500 





RIJ = right internal jugular; REJ = right external jugular; LSC = left 
subclavian vein; SOB = shortness of breath; 5%D = 5% dextrose. 


five patients, cardiac failure or arrest in three patients, 
pulmonary embolism in one, and sepsis in one. 

Five patients were transferred to the surgical intensive 
care unit (SICU), and one patient received telemetry in 
the regular hospital room. One patient was already in the 
SICU. 


Diagnostic Work-up 
Pulmonary 


Arterial blood gas analysis was obtained in eight pa- 
tients. Seven patients (88%) were hypoxic (PO, < 60 





Fic. 1. Anterior-posterior chest roentgenogram 2 days after insertion 
shows a right pleural effusion, widened mediastinum, and questionable 
extravascular location of the tip of the catheter. (Previous roentgenogram 
had demonstrated proper catheter placement in the SVC and a small 
left pleural effusion.) 


* Patient died. This patient had two catheters. Erosion was secondary 
to RIJ catheter. 


mmHg while receiving room air or PO, < 80 mmHg while 
receiving supplemental oxygen) and three (38%) were hy- 
pocapnic (PCO, < 30 mmHg). 

Chest roentgenogram was obtained for all patients. 
Three patients had a right pleural effusion, two patients 
had a left pleural effusion, two patients had a widened 
mediastinum, two patients had bilateral pleural effusions, 
and one patient had both bilateral pleural effusions and 
a widened mediastinum (Fig. 1). 


Cardiovascular 


An electrocardiogram (EKG) was obtained from eight 
patients. One patient was asystolic. In the other seven 
patients, nonspecific EKG changes included ectopy (n 
= 3), sinus tachycardia (n = 3), and nonspecific ST-T 
wave changes (n = 1). One patient had no abnormalities. 
One patient had both sinus tachycardia and nonspecific 
ST-T wave changes. 


Renal 


Oliguria was present in seven of nine patients for whom 
input and output records were available. A patient was 
considered oliguric if his/her urine output was less than 
1000 ml/24 hours before onset of symptoms. Urine spe- 
cific gravity was greater than 1.020 in four of six patients. . 
Urinalysis was not done in the remaining four patients. 


Other Studies 


One patient underwent Swan-Ganz catheter placement 
and echocardiography. One patient underwent Swan- 
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Ganz catheter placement, echocardiography, and a ven- 
tilation-perfusion scan. One patient underwent upper 
gastrointestinal (G.I.) roentgenography for a suspected 
anastomotic leak, and subsequently, also underwent a 
ventilation-perfusion scan. 


Clinical Course 


The mean interval from insertion of the CVC to onset 
of symptoms was 60.2 hours (range of 30-144 hours). 
The mean interval from onset of symptoms to diagnosis 
was 16.7 hours (range of 2-36 hours). In nine patients, 
diagnosis was made by a combination of the clinical eval- 
uation, chest roentgenogram, and chemical analysis of 
body fluid. In one patient, diagnosis was made strictly by 
clinical evaluation. Attempted aspiration of blood through 
the CVC was done in three of ten patients, and in none 
of these patients was blood obtained. 

In eight patients hydrothorax developed, and two pa- 
tients had pericardial tamponade. Seven of eight patients 
with hydrothorax underwent therapeutic thoracentesis. 
One patient required bilateral thoracentesis and one pa- 
tient required repeat thoracentesis 24 hours after primary 
thoracentesis. The mean volume obtained at primary 
thoracentesis was 1324 ml (range of 680-2200 ml). No 
patient underwent tube thoracostomy drainage. 

Both patients with pericardial tamponade underwent 
pericardiocentesis. The volumes obtained were 200 and 
300 ml. 

After thoracentesis or pericardiocentesis, the most 
common analyses obtained from the fluid were glucose 
(nine of nine patients), sodium (five of nine patients), 
chloride (five of nine patients), and potassium (five of 
nine patients) determinations. In those patients who re- 
ceived TPN through the CVC, mean glucose concentra- 
tion was 699 mg/dl (range of 192-1539 mg/dl). In two 
patients who received 5% dextrose solutions through the 
CVC, mean glucose concentration was 434 mg/dl. 

After diagnosis, all CVCs were removed. Nine patients 
recovered from both the vascular erosion of the CVC and 
from their primary disease. One patient died despite peri- 
cardiocentesis for cardiac tamponade. 


Discussion 


The use of CVCs has increased and, consequently, the 
number of associated complications has increased. Con- 
current diseases may render the patient less tolerant of 
the complications. Certain disease states, such as cardiac 
’ or respiratory insufficiency, may obscure the diagnosis of 
vascular erosion and thus delay the correct diagnosis. 
Complications such as hydrothorax or pericardial tam- 
ponade may ultimately result in death. 

Clinicians are well aware of the more common com- 
plications of CVCs, such as line sepsis, pneumothorax, 
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and venous thrombosis. However, several large reports of 
CVC complications have failed to report any cases of CVC 
vascular erosion.” The uncommon nature of this com- 
plication makes the diagnosis all the more difficult to ob- 
tain. In the few case reports in the literature, misdiagnosis 
and delay in diagnosis were common occurrences.°? 

In surgical training, emphasis has been placed on con- 
firming catheter placement by aspiration of blood through 
the CVC and by chest roentgenogram. However, the 
placement of the catheter tip may change with respira- 
tions, cardiac rhythm, and body movement. Several in 
vivo and ex vivo studies document catheter movement 
secondary to changes in body position. For example, Lin- 
genfelter et al.'° used a pressure transducer and an EKG 
lead to demonstrate migration of a right atrial catheter 
into the right ventricle during neck flexion. Fischer and 
Scherz'' studied catheter movement in infants and found 
that an ex vivo catheter taped over the right external jug- 
ular vein could move 5-6 cm with extension and flexion 
of the neck. In an autopsy specimen, they found that ex- 
treme lateral neck flexion could move an in vivo external 
jugular vein catheter tip 2-3 cm and that 60% of the time, 
the atria or vein wall could be perforated. Likewise, Brandt 
et al.'? noted catheter movement of 2-4 cm in canine 
experiments. Thus, it is apparent that catheter migration 
and movement are a common occurrence. Further, there 
is great variation in venous anatomy, and the length of 
the SVC may range from 3-10 cm.’ Despite initial ra- 
diographic confirmation of the catheter tip in the middle 
of the SVC, the catheter may migrate into the right atrium 
or may abut the wall of the SVC. 

In the present study, three of ten catheter tips abutted 
the lateral wall of the SVC, and one catheter tip was in 


‘the right atrium at the time of initial chest roentgenogram. 


Although chest roentgenogram and free aspiration of 
blood from the catheter may suggest proper placement of 
the catheter tip, results of this study indicate that any 
evidence of the tip abutting the vessel wall should warrant 
repositioning of the catheter. 

The mean time interval from catheter insertion to onset 
of symptoms was 60.2 hours, and no symptoms occurred 
within 24 hours of insertion. In the present series, there- 
fore, it is unlikely that vascular or cardiac erosion of CVCs 
occurred immediately after insertion. Delay in onset of 
symptoms after insertion may mislead the clinician, be- 
cause other diagnostic or therapeutic procedures may have 
been performed during the interval. In other series, cardiac 
tamponade secondary to extravasation of CVC fluid oc- 
curred most commonly within 1 week of insertion, but 
in only one third of the patients did tamponade develop 
within 24 hours.*:'? Development of tamponade within 
the first 24 hours most likely means that vascular pene- 
tration by the catheter tip occurred at the time of insertion 
and not from migration and erosion. 
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In the present series, oliguria and shortness of breath 
were misinterpreted initially as cardiac failure, and several 
patients were treated with invasive hemodynamic mon- 
itoring and diuretics. Pulmonary embolism was suspected 
in two patients who received ventilation-perfusion scans. 
Nearly all patients had arterial blood gas determinations 
and electrocardiograms, neither of which increased the 
diagnostic accuracy. 

The ability to safely deliver hyperosmolar solutions 
through a CVC is thought to be attributed to the high 
flow rate in large vessels with resultant rapid dilution. 
However, if the catheter tip is in close proximity to the 
vessel wall, the hyperosmolar solution may damage the 
intima. If the catheter tip abuts the vessel wall, mechanical 
and chemical irritation may act synergistically to ulti- 
mately erode through the vessel. 

Several measures should be followed to limit the inci- 
dence of vascular erosion. The smallest diameter and most 
pliable catheter appropriate should be used. After place- 
ment of a CVC, aspiration of the line should yield free 
and easy flow of blood. If free flow is not obtained, the 
catheter may be kinked or the tip may be adjacent to the 
vein wall. Blood return should not be positional, because 
the catheter position may change with patient motion. 

Chest roentgenogram should be obtained immediately 
to confirm catheter placement. The catheter tip should 
overlie the shadow of the SVC and should not appear to 
be in close proximity to the wall of this vessel. Aberrant 
locations of catheter placement within the chest that might 
be confused with proper placement in the SVC include 
the azygos vein, hemiazygos vein, and internal mammary 
vein.'*'° If any question about placement of the catheter 
in the anterior-posterior plane exists, a lateral roentgen- 
ogram of the chest should be obtained, when possible, to 
confirm catheter placement in the SVC. For example, in- 
advertent cannulation of the right internal mammary vein 
would be unnoticed on an anterior-posterior chest roent- 
genogram because the right internal mammary and sub- 
clavian veins are superimposed in the anterior-posterior 
plane. 

The criteria for proper catheter placement does not 
guarantee avoidance of a vascular erosion. When a CVC 
is in place and rapid onset of cardiorespiratory difficulty 
or chest pain develops, vascular erosion must be consid- 
ered. After initial evaluation, attempts to aspirate blood 
through the catheter should be made. If free flow of blood 
is not obtained, the infusion rate should be decreased to 
a minimum. Upright posterior-anterior and lateral chest 
roentgenograms should aid in making the diagnosis. 
Rarely will the tip of the CVC appear outside the SVC 
shadow. More commonly, unilateral or bilateral pleural 
effusions may be present that were not apparent on pre- 
vious films. Also, the mediastinum may be widened. Chest 
roentgenograms must be interpreted with caution. A wid- 
ened mediastinum and/or haziness in the lower lung fields 
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may be misinterpreted as cardiac failure. Even if blood 
can be aspirated through the CVC, clinical suspicion of 
a vascular erosion should warrant a chest roentgenogram, 
and any evidence that erosion has occurred dictates CVC 
removal. If diagnosis is in doubt and maintenance of the 
catheter is critical to patient management, then dye in- 
jection through the catheter should confirm intravascular 
or extravascular catheter tip location. 

The decision of whether or not to perform thoracentesis 
and/or pericardiocentesis depends on the clinical situa- 
tion. These studies can be therapeutic and confirm the 
diagnosis of a CVC erosion. Hypertonic solutions present 
in the pleural or pericardial space may result in rapid 
accumulation of extracellular fluid in these spaces because 
of the osmotic gradient created. A patient’s condition may 
deteriorate several hours after removal of a CVC if hy- 
pertonic fluid is not removed from the pleural or peri- 
cardial space. Consequently, if pericardiocentesis is not 
performed, careful patient follow-up is warranted. 


Acknowledgments 


The authors thank Cheryl Turner and Marjorie McGarva for prepa- 
ration of the manuscript. 


References 


1. Ryan JA Jr, Abel RM, Abbott WM, et al. Catheter complications 
in total parenteral nutrition: a prospective study of 200 consec- 
utive patients. N Engl J Med 1974; 290:757-761. 

2. Walters MD, Stanger HAD, Rotem CE. Complications with per- 
cutaneous central venous catheters. JAMA 1972; 220:1455-1457. 

3. Defalque RJ, Campbell C. Cardiac tamponade from central venous 
catheters. Anesthesiology 1979; 50:249-252. 

4. Karnauchow PN. Cardiac tamponade from central venous cathe- 
terization. Can Med Assoc J 1986; 135:1145-1147. 

5. Jones KW, Seltzer MH, Slocum BA, et al. Parenteral nutrition com- 
plications in a voluntary hospital. JPEN 1983; 8:335-390. 

6. Ghani GA, Berry AJ. Right hydrothorax after left external jugular 
vein catheterization. Anesthesiology 1983; 58:93-94. 

7. Iberti JJ, Katz B, Reiner MA, et al. Hydrothorax as a late compli- 
cation of central venous indwelling catheters. Surgery 1983; 94: 
842-846. 

8. McDonnell PJ, Qualman SJ, Hutchins GM. Bilateral hydrothorax 
as a life-threatening complication of central venous hyperali- 
mentation. Surg Gynecol Obstet 1984; 158:577-579. 

9. Damtew B, Lewandowski B. Hydrothorax, hydromediastinum and 
pericardial effusion: a complication of intravenous alimentation. 
Can Med Assoc J 1984; 130:1573-1574. 

10. Lingenfelter AL, Guskiewicz RA, Munson ES. Displacement of right 
atrial and endotracheal catheters with neck flexion. Anesth Analg 
1978; 57:371-373. 

11. Fischer GW, Scherz RG. Neck vein catheters and pericardial tam- 
ponade. Pediatrics 1973; 52:868-871. 

12. Brandt RL, Foley WJ, Fink GH, et al. Mechanism of perforation 
of the heart with production of hydropericardium by a venous 
catheter and its prevention. Am J Surg 1970; 119:311-316. 

13. Jay AWL, Aldridge HE. Perforation of the heart of vena cava by 
central venous catheters inserted for monitoring or infusion ther- 
apy. Can Med Assoc J 1986; 135:1143-1144. ° 

14. Bellini F, Beluffi G, Principi N. Total intravenous hyperalimentation 
(TIH) complications in childhood: a radiological survey. Pediatr 
Radiol 1984; 14:6-10. 

15. Smith DC, Pop PM. Malposition of a total parenteral nutrition 
catheter in the accessory hemiazygos vein. JPEN 1983; 7:289- 
292. 

16. Oakes DD, Wilson RE. Malposition of a subclavian line. JAMA 
1975; 233:532-533. 


ator FOF your professional library 
N88 Bound volumes of 


Annals of Surgery 





P > >t 
> 7 PA. 
pes 7” 


Long after your personal copies of 
ANNALS OF SURGERY have been read, 

shared with your office staff, used up and 

worn out, you can have instant access to 

the unique and valuable information in 

back issues of this distinguished journal by 
ordering bound volumes. 

Your bound volumes give you a permanent and 
comprehensive reference for changes and 
advances in your specialty—a source that will 
grow and increase in usefulness over the years. 
Each volume features: 


zy Si 


`A 
Z 
< 
n 
> 
Z 
< 


© of 
IRGERY suURGE} 


to go to the trouble and expense of having them 


ll text pages of every issue, including the | ) 
? oa tikes ht eek esas ae bound locally. We over-run copies of each issue 
Bei . a in order to have sufficient quantities on hand. 
a no advertising—only professional, clinically But we must tell our printer how many we need, 
pertinent material (a space-saver on your so please let us know right away. 
bookshelve 
s) ra. , You must be a current subscriber to take 
= handsome, durable bindings in maroon advantage of this bound volume offer. 
buckram, with the journal name, year, and Order your 1988 volumes today. They will be on 


volume number imprinted in gold on the spine their way to you shortly after the publication of 
No need to return your personal copies to us, or the final volume issue. 





Yes! Please send me the 1988 bound volumes of Annals of Surgery 
(65-98039/65-99047) for $54.00 U.S. ($64.00 elsewhere). 








TO ORDER...Call us TOLL FREE (usa except Ak) 1-800-638-3030. 
In Maryland, call collect 301-824-7300. 





Lippincott 


J. B. Lippincott Company 
East Washington Square, P.O. Box 280, Philadelphia, PA 19105 oe 








AVAL 





intravenous dose.“ 


a ZANTAC produces no clinically 
significant drug interactions with 
theophylline: phen ytoin, OF warfarin. 

m ZANTAC does not affect blood levels 


m 5 
system, such as propranolol diazepam. 
lidocaine, meperidine, carbamazepine: 
or valproic acid. 





tac Injection 
"E ranitidine HCI/GIAXO 25mg/! 


2ml single-dose vials 
10 ml multi-aose vials 
40 mi Pharmacy Bulk Packages 
2ml single-dose prefilled disposable syringes 


Injection Premixed 50mg/100 ml 





Glaxo > 


Glaxo Pharm ticals 
DIVISION OF GLAXO INC 

Research Triangle Park. NC 27709 

, Peterson WL, RIC hardson CT. Intravenous cimetidine or two reg 
ranitidine tO reduce fasting gastric acidity. ANN Intern Med 1986; 104 505-507 

2. Dammann Mi ller P. Simon B parenteral ranitidine onset and juration 
BrJ Anaesth 1982,54 1235-1236 


Please See Brief Summary of Prescribing information on next page 


N 


ZANTAC” Injection BRIEF SUMMARY 
(ranitidine hydrochloride) 


ZANTAC™ Injection Premixed 
(ranitidine hydrochloride) 


The following is a brief summary only. Before prescribing, see complete prescribing information in 
ZANTAC® Injection/ZANTAC® Injection Premixed product labeling. 

INDICATIONS AND USAGE: ZANTAC® Injection and ZANTAC® Injection Premixed are indicated in some 
hospitalized patients with pathological hypersecretory conditions or intractable duodenal ulcers, or as 
an alternative to the oral dosage form for short-term use in patients who are unable to take oral medica- 


tion. 

CONTRAINDICATIONS: ZANTAC® Injection and ZANTAC* Injection Premixed are contraindicated for 
patients known to have hypersensitivity to the drug. 

PRECAUTIONS: General: 1. Symptomatic response to ZANTAC* therapy does not preclude the presence 
of gastric malignancy. 

2. Since ZANTAC is excreted primarily by the kidney, dosage should be adjusted in patients with 
impaired renal function (see DOSAGE AND ADMINISTRATION). Caution should be observed in patients 
with hepatic dysfunction since ZANTAC is metabolized in the liver. 

3. In controlled studies in normal volunteers, elevations in SGPT have been observed when Ho-antago- 
nists have been administered intravenously at greater than recommended doses for five days or longer 
Therefore, it seems prudent in patients receiving IV ranitidine at doses err than or equal to 100 mg 
qid for periods of five days or longer to monitor SGPT daily (from day 5) for the remainder of IV therapy 
4. Bradycardia in association with rapid administration of ZANTAC Injection has been reported rarely, 
usually in patients with factors predisposing to cardiac rhythm disturbances. Recommended rates of 
administration should not be exceeded (see DOSAGE AND ADMINISTRATION). 

Laboratory Tests: False-positive tests for urine protein with Multistix® may occur during ZANTAC 
therapy, and therefore testing with sulfosalicylic acid is recommended 

Drug Interactions: Although ZANTAC has been reported to bind weakly to cytochrome P-450 in vitro, 
recommended doses of the drug do not inhibit the action of the cytochrome P-450-linked oxygenase 
enzymes in the liver. However, there have been isolated reports of drug interactions that suggest that 
ZANTAC may affect the bioavailability of certain drugs by some mechanism as yet unidentified (eg, a 
pH-dependent effect on absorption or a change in volume of distribution). 

Carcinogenesis, Mutagenesis, Impairment of Fertility: There was no indication of tumorigenic or 
carcinogenic effects in lifespan studies in mice and rats at oral doses up to 2,000 mg/kg/day 

Ranitidine was not mutagenic in standard bacterial tests (Salmonella, Escherichia coli) tor mutagenic- 
ity at concentrations up to the maximum recommended for these assays 

in a dominant lethal assay, a single oral dose of 1,000 mg/kg to male rats was without effect on the 
outcome of two matings per week for the next nine weeks. 

Pregnancy: Teratogenic Effects: Pregnancy Category B: Reproduction studies have been performed 
in rats and rabbits at oral doses up to 160 times the human oral dose and have revealed no evidence of 
impaired fertility or harm to the fetus due to ZANTAC. There are, however, no adequate and well-con- 
trolled studies in pregnant women. Because animal reproduction studies are not always predictive of 
human response, this drug should be used during pregnancy only if clearly needed 

Nursing Mothers: ZANTAC is secreted in human milk. Caution should be exercised when ZANTAC is 
administered to a nursing mother. 

Pediatric Use: Safety and effectiveness in children have not been established 

Use in Elderly Patients: Ulcer healing rates in elderly patients (65 to 82 years of age) treated with oral 
ZANTAC were no different from those in younger age groups. The incidence rates for adverse events 
and laboratory abnormalities were also not different from those seen in other age groups 

ADVERSE REACTIONS: Transient pain at the site of intramuscular injection has been reported. Transient 
local burning or itching has been reported with intravenous administration of ZANTAC* 

The following have been reported as events in clinical trials or in the routine management of patients 
treated with oral or parenteral ZANTAC. The relationship to ZANTAC therapy has been unclear in many 
cases. Headache, sometimes severe, seems to be related to ZANTAC administration 
Central Nervous System: Rarely, malaise, dizziness, somnolence, insomnia, and vertigo. Rare cases 
of reversible mental confusion, agitation, depression, and hallucinations have been reported, predomi- 
nantly in severely ill elderly patients. Rare cases of reversible blurred vision suggestive of a change in 
accommodation have been reported 
Cardiovascular: As with other Ho-blockers, rare reports of arrhythmias such as tachycardia, bradycar- 
dia, asystole, A-V block, and premature ventricular beats. 

Gastrointestinal: Constipation, diarrhea, nausea/vomiting, abdominal discomfort/pain, and rare 
reports of pancreatitis. 
Hepatic: In normal volunteers, SGPT values were increased to at least twice the pretreatment levels in 6 
of 12 subjects receiving 100 mg qid IV for seven days, and in 4 of 24 subjects receiving 50 mg qid IV 
for five days. With oral administration there have been occasional reports of hepatitis, hepatocellular or 
hepatocanalicular or mixed, with or without jaundice. These were usually reversible 
Musculoskeletal: Rare repone of arthralgias. 
Hematologic: Reversible blood count changes (leukopenia, granulocytopenia, and thrombocytopenia) 
have occurred in a few patients. Rare cases of agranulocytosis, pancytopenia, sometimes with marrow 
hypoplasia, and aplastic anemia have been reported. 
Endocrine: Controlled studies in animals and man have shown no stimulation of any pituitary hormone 
by ZANTAC and no antiandrogenic activity, and cimetidine-induced gynecomastia and impotence in 
hypersecretory patients have resolved when ZANTAC has been substituted. However, occasional cases 
of gynecomastia, impotence, and loss of libido have been reported in male patients receiving ZANTAC, 
but the incidence did not differ from that in the general population 
ee: Rash, including rare cases suggestive of mild erythema multiforme, and, rarely, 
alopecia. 
Other: Rare cases of hypersensitivity reactions (eg, bronchospasm, fever, rash, eosinophilia), anaphy- 
laxis, angioneurotic edema, and small increases in serum creatinine 
OVERDOSAGE: Information concerning possible overdosage and its treatment appears in the full 
rescribing information. 
OSAGE AND ADMINISTRATION: (See complete prescribing information in ZANTAC™ Injection 
ZANTAC® Injection Premixed product labeling.) 
Dosage Adjustment for Patients with Impaired Renal Function: On the basis of experience with a 
group of subjects with severely impaired renal function treated with ZANTAC, the recommended dosage 
in patients with a creatinine clearance less than 50 ml/min is 50 mg every 18 to 24 hours. Should the 
patient's condition require, the frequency of dosing may be increased to every 12 hours or even further 
with caution. venkat hav reduces the level of circulating ranitidine. Ideally, the dosage schedule 
should be adjusted so that the timing of a scheduled dose coincides with the end of hemodialysis 
wet trl ZANTAC® Injection, 25 mg/ml, containing phenol 0.5% as preservative, is available 
as follows: 
NDC 0173-0362-38 2-ml single-dose vials (Tray of 10) 
NDC 0173-0363-39 10-m! multi-dose vials (Singles) 
NDC 0173-0363-00 40-mi Pharmacy Bulk Packages (Singles) 
NDC 0173-0362-00 2-ml single-dose, prefilled, disposable syringes (Singles) 

Store below 30°C (86°F). Protect from light. 

ZANTAC Injection Premixed in 0.45% Sodium Chloride, 0.5 mg/ml, is available as a sterile premixed 
solution for IV administration in 100-mi single-dose flexible plastic containers (NDC 0173-0407-00). It 
contains no preservatives. 

Exposure of pharmaceutical products to heat should be minimized. Avoid excessive heat. Protect 
from freezing. It is recommended that the product be stored at room temperature (25°C); however, 
brief exposure up to 40°C does not adversely affect the product. 


Glaxo Pharmaceuticals” 


DIVISION OF GLAXO INC. 


July 1988 


ZANTAC® Injection in vials: 

Glaxo Pharmaceuticals, Research Triangle Park, NC 27709 

ZANTAC® Injection in prefilled syringes: 

Manufactured for Glaxo Pharmaceuticals, Research Triangle Park, NC 27709 
by Survival Technology, Inc., Bethesda, MD 20814 


ZANTAC® Injection Premixed: 

Manufactured for Glaxo Pharmaceuticals, Research Triangle Park, NC 27709 
by Abbott Laboratories, North Chicago, IL 60064 

© Copyright 1987, Glaxo Inc. All rights reserved. 


ZA/140 Printed in USA October 1988 


THE HITCHCOCK CLINIC 


Manchester Division 


Board Certified or Board Eligible General Sur- 
geon needed to join the Manchester Division of 
New Hampshire’s oldest and largest multispe- 
cialty group practice. Opportunity for faculty 
appointment and participation in academic pro- 
grams of the Dartmouth-Hitchcock Medical 
Center. 


Please send curriculum vitae to: 


Eugene W. Lariviere, M.D. 

Medical Director 

The Hitchcock Clinic A IN | 
25 South River Road "“ aa 
Bedford, NH 03102 

(603) 624-9436 


The Hitchcock Clinic is an equal opportunity, 
affirmative action employer. 





GENERAL SURGEON 


Board Certified or eligible with a 
special interest in trauma and criti- 
cal care to join 200+ physician 
multi-specialty group. Large referral 
practice in Big 10 university town. 
Excellent guarantee with incentive 


package, liberal fringe benefits and 
early partnership. Contact: 


Robert C. Parker, M.D. 
Carle Clinic 
Urbana, IL 61801 
217-337-3223 





go 





The Effect of In Vivo T Helper and T Suppressor 
Lymphocyte Depletion on Wound Healing 





ADRIAN BARBUL, M.D., F.A.C.S., ROBERT J. BRESLIN, M.D., JANET P. WOODYARD, M.D., 
HANNAH L. WASSERKRUG, B.A., and GERSHON EFRON, M.D., F.R.C.S. 





The role of T lymphocytes in wound healing is still not well- 
defined. Because it had been previously shown that in vivo de- 
pletion of T cells leads to impaired wound healing, the effect of 
depleting T cell subsets on subsequent fibroplasia was studied. 
T helper/effector cells were depleted by the use of the monoclonal 
antibody GK1.5, reactive against the L3T4 antigen (CD4). T 
suppressor/cytotoxic lymphocytes were depleted by using the 
2.43 monoclonal antibody reactive against the Lyt 2 antigen 
(CD8). In the first experiment, Balb/c mice were treated with 
the antibodies starting at 24 hours before wounding was per- 
formed, and weekly thereafter. Depletion of the T helper/effector 
cells had no effect on wound-breaking strength or hydroxyproline 
deposition in sponge granulomas, whereas depletion of T sup- 
pressor/cytotoxic cells significantly enhanced both of these 
healing parameters. In a second experiment, T cell subset de- 
pletion was started on Days 0, 3, 7, 10, and 14 postwounding, 
and treatments were continued weekly thereafter. Once again, 
depletion of T helper/effector cells had no effect on wound heal- 
ing, whereas depletion of T suppressor/cytotoxic cells markedly 
increased both wound-breaking strength and collagen synthesis. 
In conclusion, the data show that T suppressor/cytotoxic cells 
have a counter-regulatory role in wound healing, whereas the T 
cell subset responsible for up-regulating wound healing remains 
to be identified. 


ITHIN THE LAST few years, it has become ap- 
W parent that the T cell-dependent immune 

system plays an active role in the process of 
wound healing. It has been shown that abnormal fibro- 
plasia can occur secondary to continued antigenic stim- 
ulation of host T lymphocytes."? We have previously 
shown that mice depleted in vivo of T lymphocytes (CD3) 
have impaired wound healing as assessed by both wound- 
breaking strength and reparative collagen synthesis.’ 
However, the role of individual T cell subsets on fibro- 


‘ plasia is not known. In the present study, the effect of 


depleting T helper and T suppressor lymphocyte subsets 
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by using specific monoclonal antibodies (MAB) were ex- 
amined in order to analyze the role that individual T cell 
subsets play in wound healing. 


Materials and Methods 


Groups of ten male Balb/c mice (Harlan Sprague Daw- 
ley, Indianapolis, IN) 8—10 weeks old were used through- 
out the experiments. Groups of five mice were housed in 
clear plastic shoe box-type cages and were kept in a room 
with outside exposure at a constant temperature and hu- 
midity. Animals were fed a pellet diet (Teklad LM 485 
Mouse/Rat Diet, Winfield, IA) that was nutritionally 
complete and were given tap water for drinking, both of 
which the mice were to take ad libitum. All mice were 
acclimatized to our laboratory conditions for at least 1 
week before entry into the experiments. Mice were 
weighed at the start of the experiments and weekly there- 
after. 


Wounding Procedure 

Under pentobarbital anesthesia (4 mg/kg BW intra- 
peritoneal) the backs of mice were shaved and prepped 
with an organic iodine cleanser. A 2.5-cm midline dorsal 
skin incision was made sharply down to the level of the 
dorsal fascia. At the cephalad poles of the wound, sub- 
cutaneous pockets were created by use of scissors, and 
preweighed, sterile, moistened polyvinyl alcohol sponges 
(Unipoint Industries,) were inserted into these pockets. 
The wounds were then closed with a running 5-0 nylon 
suture. 


Assessment of Wound-Healing 

At 2, 3, and 4 weeks postwounding, respectively, the 
mice were killed. While the mice were under ether anes- 
thesia, cardiac blood was obtained by open thoracotomy 
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TABLE 1. Percentage Depletion of T Cell Subsets After Treatment 
with GK1.5 (Averages of 3-6 Separate Determinations) 


Site of 
Depletion Time Thy 1.2 (CD3) L3T4(CD4) Lyt 2 (CD8) 

Blood 24 hours 79.3% 79.8% —81.8* 
2 weeks 62.6% 78.9% —107.9% 
3 weeks 77.0% 70.1% —119.5% 
4 weeks 65.4% 65.0% —121.4% 

Spleen 24 hours 66.9% 70.4% —44.7% 
2 weeks 79.4% 62.8% —101.1% 
3 weeks 69.8% 62.4% —5§3.2% 
4 weeks 63.4% 57.2% —124.0% 


* A negative number implies an increase in percentage staining by the 
formula used. 


technique into heparinized syringes. The spleen was also 
removed aseptically. Subsequently, the dorsal pelt con- 
taining the healing scar was removed and cut into 2-3 
equal strips on a multibladed guillotine. Each strip was 
centered by a segment of the healing scar. The strips were 
placed in normal saline and were used within 60 minutes 
of harvest for assaying fresh wound-breaking strength, us- 
ing a constant speed tensiometer. The implanted sponges 
were harvested, carefully freed of all surrounding fibrous 
tissue, and frozen at —20 C for subsequent determination 
of hydroxyproline content by the method of Woessner.* 
This is an assessment of the amount of reparative collagen 
synthesized at the wound site. 


Generation of MABs 


For the depletion of the T helper/effector subset, we 
used the GK1.5 MAB, which reacts against the L3T4 
(CD4) antigenic determinant present on this subset.*® The 
MAB 2.43, which reacts against an antigen present on T 
suppressor/cytotoxic (CD8) cells, was used for the deple- 
tion of this T cell subset.’ Both of these rat anti-mouse 
MABs are of the IgG2b subtype, which makes them cy- 
totoxic in vivo. Hybridomas secreting these antibodies 
were obtained commercially (American Type Culture 
Collection, Rockville, MD). Hybridoma cells were in- 
jected intraperitoneally into Pristane-primed nude balb/ 
c mice. Ascites containing the MABs were obtained by 
tapping. The fluids were treated with 50% saturated am- 
monium sulfate, resuspended in PBS and extensively di- 
alyzed against PBS. All MABs were stored frozen at —70 
C. Antibody content was determined by assaying protein 
concentration and by immune electrophoresis. Control 
mice were injected with nonspecific rat immunoglobulin. 
MAB injections were administered intraperitoneally at a 
dose of ~ 1 mg/mouse. Controls were given equivalent 
amounts of the rat serum immunoglobulin. Injections 
were started at various times in relation to the wounding 
time (see below) and were repeated at weekly intervals. 
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Determination of Efficacy of MAB Treatments 


MAB treatment efficacy was assayed by determining 
the depletion of the respective T lymphocyte subset in 
both the peripheral circulation and spleen. Heparinized 
cardiac blood obtained from two to three mice at the time 
that the mice were killed was pooled, and blood mono- 
nuclear cells were separated by centrifugation over Lym- 
pholyte M (Cedar Lane Labs, Hornby, Ontario). Spleens 
from two to three animals were also pooled and minced, 
and the mononuclear cells were obtained after lysing the 
red blood cells with ammonium chloride (0.83%) and re- 
moval of macrophages by Petri dish adherence. Blood 
and spleen mononuclear cells were then stained with the 
following MABs: 1) FITC-labelled anti-Thy 1.2(CD3) 
against all T cells, 2) phycoerythrin-labelled GK 1.5 (anti- 
L3T4; CD4) against helper/effector T cells, and 3) FITC- 
labelled anti-Lyt 2 (CD8) against T suppressor/cytotoxic 
cells (all from Beckton Dickinson, Mountain View, CA). 
Percentage staining was determined using a fluorescence- 
activated cell sorter (EPICS, Coulter Corp., Hialeah, FL). 
Data obtained from the fluorescence analysis were used 
to determine the percentage of T cell subset depletion in 
treated mice,® using the following formula: 


hol eee 
100 —D___100 


Where U = percentage of cells in untreated mice, T 
= percentage of cells in treated mice, and D = percentage 
of cells depleted from treated mice as a percentage of the 
values in untreated mice. The values for U and T were 
determined by fluorescence analysis and were used to cal- 
culate D, which is used to calculate the percentage of sub- 
set depletion according to the equation: 


%depletion = D/U X 100 
Experiment I 


In this experiment, lymphocyte subset depletion was 
begun 24 hours before wounding and weekly injections 
of MAB were administered. Mice were killed for wound- 
healing assessment at 2, 3, and 4 weeks postwounding for 
the GK 1.5 treatment groups, and at 2 and 4 weeks pos- 
twounding for the 2.43 treatment groups. Groups of non- 
wounded animals were killed 24 hours after injections 
were made, in order to assess the lymphocyte depletion 
at the time of wounding. 


Experiment 2 


In this series of experiments, lymphocyte subset deple- 
tion was begun at various times postwounding (i.e., Days 
0, 3, 7, 10, and 14). After these initial injections, animals 
received repeated weekly treatments. All mice were killed 
4 weeks after wounding for assessment of wound-healing. 
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TABLE 2. Wound-Healing Parameters in Experiment 1 (OHP-hydroxyproline) 


Vol. 209 + No. 4 
Breaking Strength (g + SEM) 

Time Controls GK1.5 2.43 
2 weeks 212 £ 11 221 + 12 NS 
3 weeks 287 +9 276 + 12 NS 
4 weeks 341 + 28 292 + 16 NS 
2 weeks 222 + 23 275 + 14 
4 weeks 329 + 27 408 + 16 
Analysis of Data 


All data are reported as mean + SEM. Statistical anal- 
ysis using the Student’s t-test or analysis of variance was 
conducted using the StatView II program (Abacus Con- 
cepts, Berkeley, CA). Statistical significance was achieved 
at the 95% confidence level. 


Results 


In all experiments, weight gain of the animals was equal, 
regardless of the treatment regimens (data not shown). 
There were no macroscopic differences in the aspects of 
the wounds, and no infections were noted. 


Experiment 1 


Treatment with GK1.5 depleted the helper/effector T 
lymphocyte subset both in blood and in the spleen (Table 
1). In the peripheral blood, depletions ranged from 79.8% 
(at 24 hours) to 65% (at 4 weeks). In the spleen, the de- 
pletions ranged from 70.4% to 57.2% at 24 hours and 4 
weeks, respectively. There was also a similar depletion in 
the Thy 1.2 marker-bearing cells (all T cells). In parallel, 
there occurred a rise in the Lyt 2 subset (suppressor/cy- 
totoxic). Depletion of helper/effector T cells with the 
GK1.5 MAB had no effect on wound healing when com- 
pared with that of control mice. Neither the wound- 
breaking strength nor the hydroxyproline content of the 
subcutaneously implanted sponges differed statistically 
between the two treatment groups (Table 2). 

Treatment with the 2.43 MAB significantly depleted 
the suppressor/cytotoxic lymphocyte subset. In the pe- 
ripheral blood, depletions ranged from from 93.4% at 24 
hours to 94.1% at 4 weeks. In the spleen, these values 
ranged from 94.8% to 86.5% at 24 hours and 4 weeks, 
respectively (Table 3). As expected, there was a concom- 
itant modest depletion in the Thy 1.2 cells and a smaller 
depletion in the number of L3T4 cells (Table 3). The 
2.43-treated groups had markedly enhanced wound heal- 
ing at 2 and 4 weeks postwounding (Table 2, Fig. 1). 
Highly statistically significant increases were noted in both 
the wound-breaking strength and the amount of hydroxy- 
proline deposition in the implanted sponges. 


Experiment 2 


Once again, treatment with GK1.5, regardless of the 
time of starting the depletion in relationship to wounding, 


p-value 


<0.05 
<0.02 


OHP (ug + SEM) 

Controls GK1.5 2.43 p-value 
1263 + 86 1318 + 65 NS 
2295 -£ 121 2278 + 94 NS 
3189 + 161 3051 + 213 NS 
1340 + 90 1773 + 7 <0.01 
3156 + 162 4115 + 190 <0.001 


TABLE 3. Percentage Depletion of T Cell Subsets After Treatment 
with 2.43 (Numbers Represent Averages of 3-6 
Separate Determinations) 


Site of 
Depletion Time Thy 1.2 (CD3) L3T4(CD4) Lyt 2 (CD8) 

Blood 24 hours 19.6% 7.8% 93.4% 

2 weeks 14.5% 6.6% 84.2% 

4 weeks 8.9% 2.5% 94.1% 
Spleen 24 hours 17.4% 13.6% 94.8% 

2 weeks 18.6% 11.2% 86.6% 

4 weeks 12.5% 5.4% 86.5% 


had no effect on any of the wound-healing parameters 
studied (data not shown). In terms of efficacy of depletion, 
treatments were uniformly successful in depleting the 
L3T4 subset with a concomitant depletion of the Thy 1.2 
cells. The same rise in the percentage of suppressor/cy- 
totoxic subset (Lyt 2) was observed (data not shown). 

Treatment with the 2.43 MAB significantly enhanced 
wound-healing, irrespective of the time that therapy was 
started in relation to the time of wounding (Table 4, Fig. 
2). All wounds were studied at 4 weeks after wounding 
was performed, and all treatment groups (i.e., those in 
which treatments were started on the day of wounding or 
on Days 3, 7, 10, and 14 after wounding) had significantly 
greater wound-breaking strength and collagen synthesis 
than controls. 


Discussion 


The data from these experiments demonstrate that T 
suppressor/cytotoxic cells have an inhibitory effect on 


OHP (ug/100mg sponge + SEM) 





Wound Breaking Strength (g + SEM) 


FIG. 1. Effect of T suppressor/cytotoxic lymphocyte depletion on wound- 
breaking strength and hydroxyproline (OHP) accumulation at 2 and 4 
weeks postwounding. Note that MAB treatments were started 24 hours 
before wounding (data from experiment 1). 
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at 4 Weeks (OHP-hydroxyproline) 


482 
Breaking Strength (g + SEM) 

Time Controls 2.43 p-value 
Day 0 410+ 14 504 + 16 <0.001 
Day 3 396 + 17 496 + 17 <0.001 
Day 7 443 + 19 506 + 19 <0.05 
Day 10 421 = 13 565 + 27 <0.001 
Day 14 407 + 16 472 + 18 <0.02 


TABLE 4. Effect of Treatment with 2.43 Starting at Various Times Postwounding on Wound-Healing Parameters 


OHP (ug/100 mg sponge + SEM) 
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Controls 2.43 p-value 
2440 + 104 3073 + 73 <0.001 
2310 + 54 2811 + 140 <0.001 
1906 + 67 2477 + 190 <0.006 
2636 + 105 312) + 118 <0.004 
2613 + 129 3247 + 153 <0.004 


wound healing. Jn vivo depletion of this subset, whether 
started before wounding was performed or as late as 14 
days after wounding, leads to significant increases in 
wound-breaking strength and reparative collagen depo- 
sition, as assessed by the hydroxyproline content of the 
sponge granulomas. Conversely, depletion of T helper/ 
effector cells by using the GK 1.5 MAB had no effect on 
wound healing, regardless of when the depletion was 
started. This latter finding was somewhat unexpected. We 
had previously shown that depletion of T lymphocytes 
impairs wound healing and therefore expected that dele- 
tion of either the helper or suppressor T cell subset would 
duplicate these results. Furthermore, because depletion 
of T suppressor/cytotoxic cells enhanced wound healing, 
we would have expected that depletion of T helper/effector 
cells to lead to impaired healing. We hypothesize that 
because the depletion of T helper/effector cells was ac- 
companied by a marked rise in the T suppressor/cytotoxic 
subset, this could have abrogated any effect that the use 
of GK1.5 may have had on wound healing. It should be 
noted that the rise in T suppressor/cytotoxic cells is rel- 
ative, because the values are derived from the percentage 
staining. We did not determine absolute number of cells 
in either the peripheral blood or spleen. 

There is ample evidence from previous in vitro and in 
vivo work that T cells participate in wound healing and 
have regulatory and counter-regulatory effects. T lym- 
phocytes migrate into wounds following the influx of in- 
flammatory cells and macrophages. The ratio of T helper 
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to T suppressor lymphocytes at the wound site is greatly 
decreased in comparison to peripheral blood and lymph 
node subpopulation ratios.” Lymphokines, products of 
activated lymphocytes, have been shown to influence all 
cells that participate in wound healing. Transforming 
growth factor 6 (TGF-@) has been shown to be angiogenic 
in vivo.'!° TGF-8 affects fibroblast activity directly by its 
potent chemotactic activity’! or indirectly by inducing 
monocyte chemotaxis and secretion of fibroblast growth 
factors, including interleukin-1 (IL-1).'? Once fibroblasts 
have been recruited and expanded, their synthesis of col- 
lagenous protein can be stimulated by lymphokines such 
as TGF-8'° and lymphotoxin.'’ Fibroblast inhibitory 
lymphokines have also been described, most notably 
y-interferon (IFN-y), which inhibits fibroblast pro- 
liferation'* and blocks fibroblast constitutive as well as 
growth factor-induced collagen synthesis.'° It is evident 
that lymphokines can exert both stimulatory and inhib- 
itory signals on all aspects of wound cellular activity and 
there seems to be a well-defined balance between these 
effects. Our knowledge is scant regarding how this balance 
is achieved; however, it is clear that an imbalance could 
result in wound failure or, conversely, in excessive fibrosis. 

In conclusion, the present experiments clearly dem- 
onstrate that T suppressor/cytotoxic cells have a inhibitory 
effect on wound-healing. We are now further pursuing 
the identity of the T cell subset that upregulates wound 
healing, both under normal and pathologic conditions, 
such as excessive fibrosis. 


FIG. 2. Effect of T suppressor/ 
cytotoxic cell depletion on 
wound-breaking strength and 
hydroxyproline (OHP) de- 
position at 4 weeks post-, 
wounding. Treatments with 
the MAB were started at var- 
ious times postwounding, as 
indicated on the abscissa 
(data from experiment 2). 
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A 6-kg explosive charge detonated under a seat in the center of 
a crowded city bus in Jerusalem, killing three passengers im- 
mediately. Of the 55 survivors, all of whom were transferred to 
two major medical centers, 29 were hospitalized. Among those 
admitted, a high rate of primary blast injuries was found, in- 
cluding perforated ear drums (76%), blast lung (38%), and ab- 
dominal blast injuries (14%). Two of the latter patients suffered 
bowel perforations, which were diagnosed with considerable de- 
lay. Eight patients (31%) had sustained life-threatening trauma, 
consisting of a combination of primary, secondary, and tertiary 
blast injuries. The overall mortality rate was 10.3%. The large 
number of primary blast injuries, including the unexpected finding 
of bowel perforations, is explained by the high amplitude of the 
air pressure wave (3.8-5.2 atm) and its relatively long duration 
(2-3 msec) resulting from the detonation of the high-energy ex- 
plosive charge in the small, enclosed space of the bus. Besides 
the usual wounds sustained by victims of an explosion that occurs 
in a confined space, the possibility of primary blast injury to the 
abdomen and to the lungs should be taken into account by the 
treating surgeon. 


creasing all over the world, bringing in its wake 

injuries that are usually associated with military 
exploits. The casualties arriving at the emergency room 
of a general hospital after a bomb explosion often suffer 
from injuries that do not fall within the daily routine of 
the attending staff. A characteristic example is primary 
blast injury, which is inflicted by the sudden increase of 
the environmental air pressure resulting from the deton- 
ation of a high-energy explosive charge. In addition, the 
victims of violent explosions nearly always sustain other 
types of damage, such as penetrating wounds from flying 
debris (secondary blast injuries), blunt trauma from dis- 
placement of the body and its forceful impact with rigid 
and stationary objects (tertiary blast injury) and, finally, 


T ERRORIST ACTIVITY against civilian targets is in- 
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burns received from the flush of the explosion or from 
open fire, and smoke and dust inhalation (miscellaneous 
blast injury). The severity of these injuries is directly re- 
lated to two factors: the magnitude of the explosion and 
the site of its occurrence (i.e., whether it occurred in open 
air or in an enclosed space).'~ 

The following is a report of our experience with blast 
injuries that were sustained during the explosion of a 
bomb in a civilian bus in Jerusalem. The pathophysiology 
of this specific trauma sustained in a small, confined space 
is discussed, and special attention is paid to the compar- 
atively high rate of primary blast injuries found among 
the patients. 


The Explosion and the Casualties 


An explosive charge corresponding to approximately 6 
kg of TNT detonated under a seat in the middle of a 
crowded city bus in Jerusalem. At the time that the bomb 
went off, all of the windows of the bus were closed, thus 
making the space of the bus a confined space measuring 
11.25 X 2.15 X 2.25 m, with a volume of 54.4 m° (Fig. 
1). From the force of the explosion, the metal plaits con- 
nected to the metal struts were blown to a distance of 
about 23 m, and the rear door was thrown 64 m from the 
vehicle. Based on these data, the air pressure changes in- 
side the bus after the detonation were computed in relation | 
to time and distance.* Thus, the calculated highest pres- 
sures inside the bus ranged from 3.8 to 5.2 atm, lasting 
for 2-3 msec until the walls were displaced outward. The 
impulse (i.e., the integral of the pressure-time curve) was 
also calculated.* A detonation in an enclosed space en- 
genders two impulses—namely, the direct and the re- 


484 





Pea. Lae et eae A aci a ve "PEE Se Pes <i SL anne oe A 
Vol. 209 + No. 4 PRIMARY BLAST INJURY 485 

20.00 \ — IMPULSE 
18.00 --- REFLECTED IMPULSE 





Meexrrosive CHARGE 


Â SEVERELY INJURED 


@ SLIGHTLY INJURED 

O PASSENGER 
Fic. 1. Schematic illustration of the bus, showing placement of the ex- 
plosive charge. The location of seven of the eight passengers with life- 
threatening multiple trauma (triangle) and of three of the slightly injured 
passengers (circle with numbers) at the time of the explosion could be 
established with certainty. The passengers whose exact location could 
not be discovered are depicted by the randomly dispersed empty circles. 


Note the distance of Passengers 1 and 5 (triangles) from the explosive 
charge, as compared with that of Patients 8, 9, and 10 (circles). 


flected impulse. These impulses, as they occurred in the 
bus, are depicted in Figure 2 in relation to the distance 
from the explosion focus. 

When the charge went off, there were 58 passengers in 
the bus. Three were killed outright. All of the others were 
transferred to two major medical centers, 42 to the one 
located about 200 m from the explosion site and 13 toa 
hospital about 2 km away. Of these 55 casualties arriving 
at the two emergency rooms, 29 (53%) were hospitalized, 
and 26 (47%) were discharged after examination and 
treatment. 

The overall mortality (six of 58 patients) and that of 
the hospitalized patients (three of 29) was the same 
(10.3%). No details are available on the victims who died 
at the site of the explosion. Of the three patients who died 
in hospital, two had suffered severe head trauma and one 
succumbed to extensive burns (60% of body surface) (Ta- 
ble 1). 

The injuries of the 29 patients admitted to medical 
centers are depicted in Figure 3. Unexpectedly, primary 
blast injury was a common trauma in this group (Fig. 4) 
and included 22 perforated ear drums (76%), eleven blast 
lung injuries (38%), and four abdominal blast injuries 
(14%). Two of the latter patients had perforation of the 
bowel, which involved the ileum in one patient and the 
colon in the other patient. 

Eight of the 29 admitted patients (31%) had sustained 
life-threatening multiple trauma, which consisted of var- 

ious combinations of the diverse forms of blast injury 
(Table 2). All eight patients suffered chest and lung dam- 
age, and all had perforated ear drums. Seven of these pa- 
tients required emergency intubation, and two were in 
hemorrhagic shock. The two patients with perforated 
bowel belonged to this group of dangerously wounded 
individuals. 


IMPULSE (atm-msec) 





000 200 400 600 8.00 


10.00 
DISTANCE (M) 


FiG. 2. The impulses inside the bus in relation to the distance from the 
focus of explosion. The direct impulse (—-) represents the air pressure 
wave moving from the detonation site outward. The reflected impulse 
(--) represents the pressure wave bounced off a surface placed at right 
angles to its movement. 


Discussion 


In its first phase, an explosion in the open air generates 
a blast pressure wave, which results from the compression 
of air by the explosive gases. The pressure wave advances 
outward from the site of the detonation at approximately 
the speed of sound, striking and moving everything in its 
path. Its force is directly related to the size of the explosive 
charge and reversely related to its distance at at a given 
time from the site of explosion.'? In the second phase, 
the vacuum created at the explosion site produces an op- 
posing, inward-moving pressure wave, which again strikes 
and forcibly displaces everything it encounters.” The de- 
structive forces of each of these pressure waves account 
for the severe blunt and penetrating trauma that consti- 
tutes the secondary and tertiary blast injuries. 


TABLE 1. The Injuries Sustained by the Three Patients Who 
Succumbed After Arrival at the Hospital 





Patient Age Day of 
No. (years) Type of Injury Death 
l 13 Severe open-head trauma l 
2 16 Left frontotemporal open fracture 3 

Transverse sinus bleeding 
Right eye enucleation 
Left hemothorax 
Hypovolemic shock 
3 60 Blast lung injury 13 
ARDS 
60% burns 
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perforated ear 


drum 22/29 (14%) 
(75.8%) eye damage 5/29 
bilateral 18/22 (17.5%) 
(81.8%) 
unilateral 4/22 tt 
(18.2%) 
* rib fractures 3/29 
10.52%) 
blast lung 11/29 flail chest 3/29 
(38%) (10.5%) 
pneumothorax 2/29 
a (7%) 
hemothorax 2/29 
blast abdomen 4/29 (7%) 
(14%) myocardial- 
perforation: contusion. 2/29 
ileum 1/29 (7%) 
(3.5%) 
colon 1/29 * 
peritoneal- ose) amputation 1/29 
signs 2/29 (3.5%) 


limbs fractures 7/29 
(24.5%) 

burns >20% of 

body surface 5/29 
(17.5%) 

soft tissue - 


lacerations 20/29 


(70%) 


FIG. 3. The injuries of the 29 patients admitted to medical centers. The 
detonation of the high-energy explosive charge in the confined space of 
the bus resulted in a wide spectrum of primary and other blast injuries. 


Primary blast injury, which is unique to the detonation 
of an explosive charge, has a much more complex patho- 
physiology. It characteristically involves organs that con- 
tain gas or gas and water, such as the eardrums, lungs, 
and bowel. The blast wave is reflected by the air-fluid 
interphase, with resultant tearing and disruptive forces 
that act on the surface of the fluid (the spalling effect).?”° 
The differences in tissue density and the compression and 
re-expansion of air-bubbles (implosion) were also sug- 
gested as factors in the pathophysiology of this singular 
injury.” The degree of severity of primary blast injury is 


PRIMARY BLAST INJURIES 


29 PATIENTS 


37 PRIMARY BLAST INJURIES 


PERFORATED BLAST LUNG BLAST ABDOMEN 
EAR DRUM 


22 4 


FIG. 4. Distribution of the 37 primary blast injuries sustained by the 29 
hospitalized patients. The figures in the squares signify the number of 
patients suffering from the specific injury. 
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TABLE 2. Details of the Injuries in the Eight Patients with 
Life-Threatening Multiple Trauma 


Patients 
Injury No. % 

Hemorrhagic shock 2 25 
Emergency intubation 7 87.5 
Primary blast injury 

Perforation of eardrums 8 100 

Blast lung 6 75 

Perforation of bowel 2 25 
Other blast injuries 

Head trauma 2 25 

Chest and lung trauma 2 25 

Burns 2 25 

Comminuted fractures 3 37.5 


a function of the intensity of the pressure wave and its 
duration.**° 

An ever-recurring aftermath of an explosion is perfo- 
ration of the eardrums, the least severe form of primary 
blast injury, although it may occasionally be accompanied 
by dislocation of the ossilles and damage to the in- 
ner ear. ">67 

To the best of our knowledge, primary blast injury of 
the bowel has always been considered a consequence of 
underwater explosion only, which, according to the re- 
ported rates (0-1.2%), rarely occurs.*?°*"'' This belief that 
has previously been taken so for granted is dispelled by 
our findings with four of the 29 hospitalized casualties 
(14%) with primary abdominal blast injury, two of whom 
proved to have free bowel perforations. The injury to the 
bowel, most often involving the ileocecal region,>*® in- 
cludes serosal tears, subserosal and intramural hemor- 
rhages, as well as perforations. The latter either occur 
acutely or develop in areas of ischemic necrosis of con- 
tused bowel a few hours to several days after the forceful 
impact of the air wave that accompanies an explo- 
sion.5™!%!? 

In patients who have been exposed to high pressure air 
waves and who display no signs of external abdominal 
damage, the detection of an eventual perforated bowel is 
liable to be delayed. Such diagnostic oversight stems from 
the subacute nature of the perforation on the one hand, 
and from the presence of additional injuries that may 
mask the less obvious perforated bowel, on the other. Be- 
cause the present event occurred on land, none of the 
treating physicians entertained the possibility of primary , 
blast injury to the bowel. And, indeed, regarding the two 
patients ultimately discovered to have perforation of the 
bowel, the diagnoses of perforation of ileum in one patient 
and of colon in the other patient were delayed for 3 and 
7 days, respectively. It is of interest that both of these 
patients suffered bilateral rupture of the ear drums and 
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primary lung blast injury. The concomitant existence of TABLE 3. Reported Frequency of Primary Blast Lung Injury 

x these injures emphasizes the need for a high index of sus- Paiiaies Ge 
picion when treating patients who were exposed to a high- Blast Lung 
pressure air wave. We assume that the bowel perforations hg Injury 

. . 0. O Waa 
found in our patients are, to a large extent, due to the Aaii Pais Pini No. % 
effect of the detonation in the small space formed by the 
tightly closed bus. Hadden et al.’® g 1978 250 2 0.8 

In primary blast injury to the the lungs, the trauma is sie £3 pe Bergenwald vine t : a 
usually manifested by alveolar wall damage with intra- Present study 29 11 38.0 
alveolar and interstitial hemorrhages, and by edema. 
Rupture of the alveolar walls and tears in the visceral 
leura lead to pneumo- and hemothorax.!* !%!6 The insult : : : sae 
- p rp z: : cases in which primary blast injury of the lung could not 
E to the alveoli and pleura may cause air to enter the cir- 


culation, with consequent air embolization to various or- 
gans." 

The number of primary blast injuries in the lungs re- 
ported in the literature is quite low (Table 3). In a study 
of 1532 persons injured by terrorist bombing, Hadden et 
al.'* reported 250 patients admitted to medical centers, 
only two of whom (0.8%) had primary blast lung injury. 
In the studies conducted by Brismar and Bergenwald!® 
and by Cooper et al.,”° the respective figures for primary 
blast lung injury were nine of 107 (8.4%) and five of 194 
(4.8%) for patients admitted to medical centers. In view 
of these small numbers, the latter authors concluded that 
primary blast lung injury is “uncommon in civilian ter- 
rorist bombing.”’”° Our findings of the much higher figure 
of 38% for primary blast injury to the lung resulting from 
terrorist action must be attributed to the particular cir- 
cumstances of the bus under discussion. 

The diagnosis of primary blast injury of the lung is 
based primarily on symptoms and signs such as dyspnea, 
cyanosis, hypoxemia, and bloody tracheal secretion, 
whereas on chest x-ray, linear or patchy diffuse infiltrates 
(Fig. 5), pneumothorax and/or hemothorax can be found. 
Pulmonary insufficiency may be manifest shortly after 
exposure to the explosion, or may develop during the first 
or second day thereafter.':!2!3:!9 

In patients with overt pulmonary symptoms and find- 
ings and in whom there is no evidence of direct chest 
trauma, the diagnosis of primary blast lung injury is rel- 
atively simple. However, in those with severe blunt chest 
trauma, the differentiation between primary and tertiary 
blast injuries is extremely difficult. In such instances, the 
degree of pulmonary insufficiency, the severity of the blunt 
trauma (tertiary blast injury), combined with detailed 
analysis of the chest x-rays may help elucidate the presence 
of primary blast lung injury. It must also be pointed out 


‘that in casualties brought in with ruptured eardrums— 


which indicates exposure to high-pressure waves—the 
possibility of blast injury to the lung should not be over- 
looked. In the current series of patients, the diagnosis of 
primary blast lung injury was established according to the 
above criteria. It should be noted that we excluded those 


be proven with certainty because of severe chest contusion. 

Hadden et al.'® discovered histopathologic evidence of 
primary blast injury to the lungs in 45% of the victims 
who died at the site of an explosion, indicating the high 
probability of this damage in the more severely wounded 
patients. In fact, their findings are borne out by our find- 
ings of primary blast injury in six of the eight severely 
wounded patients (75%). 

The exceptionally high proportion of primary lung and 
bowel blast injuries in our series must be ascribed to the 
action of the large explosive charge that detonated in the 
small and, what is of prime importance, enclosed space. 
Air pressure of 5 PSI (pounds/square inch) or more causes 
eardrum rupture, 16 PSI causes lung damage, and a mag- 





i A A s 
FIG. 5. Chest x-ray (PA) of one of the patients with primary blast lung 
injury, 6 hours after the explosion. Note the bilateral patchy infiltrates. 
This patient had no signs of external chest trauma. 
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FIG. 6. The pressures inside the bus upon explosion of the charge in 
relation to pressures known to cause rupture of the eardrums, blast lung, 
and lethal outcome. 


nitude of 30-42 PSI is defined as the lethality threshold 


_ pressure.'* In the bus under discussion, the pressure 


reached a peak of 40-60 PSI for 2-3 msec (Fig. 6). Pre- 
sumably, these extreme forces explain the considerable 
amount of primary blast injuries sustained in our patients, 
as well as the high rate of admittance (53%) and number 
of severely wounded patients (31%), as compared with 
the 15-20% reported in the literature.':'*7° 

The relatively low frequency of primary blast injuries 
quoted in other studies is due to the fact that they were 
incurred in open air or large localities, where the zone of 
high pressure responsible for this specific trauma is limited 
and thus affects only those who are in close proximity to 
the core of the explosion. 

In our study, analysis of the severity of the injuries as 
related to the distance of the patients from the core of the 
explosion revealed no correlation between these two vari- 
ables. Patients 1 and 5 (Fig. 1) were gravely wounded, 
although they had been relatively far from the detonating 
charge, whereas Patients 8, 9, and 10, who had been much 
closer to the center of the explosion, suffered only slight 
injuries. These apparently conflicting sequelae of the ex- 
ploding bomb must be attributed to the phenomenon of 
the pressure waves reflected and augmented by the sides 
of the bus, meanwhile striking passengers scattered 
throughout the vehicle. This effect is, of course, in contrast 
to blast injuries caused by an explosion in the open air 
or underwater, where the magnitude of the pressure wave 
drops linearly with distance. 

The overall mortality rate of 10.3% in the present study 
falls within the range of the reported figures of 0.6- 
40%.':'8-?9 Fatal outcome depends mainly on secondary 
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and tertiary blast injuries, and usually bears no direct re- 
lation to the primary blast injury. Severe head and brain 
damage, the chief cause of death, accounted for 60% of 
305 reported fatalities.’ 

Blast injury sustained in a small, enclosed space is one 
of the most serious and complicated forms of multiple 
trauma. Civilian hospitals must be prepared to counter 
this menace of modern times. In addition to the more 
common consequences of blast injury, the staff should 
also be familiar with the special aspects of this kind of 
trauma, so as to be able to make the correct evaluation 
and diagnosis, and initiate the proper treatment. The ma- 
jority of blast victims who survive transfer to the hospital 
can be successfully treated. 


References 


eos 


. Stapcezynski JS. Blast injuries. Ann Emerg Med 1982; 11:687-694. 

2. Rawlins JSP. Physical and pathophysiological effects of blast. Injury 
1978; 9:313-320. 

3. Phillips YY. Primary blast injuries. Ann Emerg Med 1986; 15:1446- 
1450. 

4. Proctor JF. Internal blast damage mechanisms computer program. 
Naval Ordinance Laboratory AD-759002. 

5. Harmon JW, Haluszka M. Care of blast-injured casualties with gas- 
trointestinal injuries. Military Med 1983; 148:586-588. 

6. Pahor AL. Blast injuries to the ear: an historical and literary review. 
J Laryngol Otol 1979; 93:225-251. 

7. Kerr AG. Trauma and the temporal bone: the effects of blast on the 
ear. J Laryngol Otol 1980; 94:107-110. 

8. Adler J. Underwater blast injury. Med Bull US Army Europe 1981; 
38:33-35. 

9. Cameron GR, Short RHD, Walkeley CPG. Abdominal injuries due 
to underwater explosion. Br J Surg 1942; 31:51-66. 

10. Gill WG, Hay CP. A clinical study of injuries of the abdomen due 
to underwater explosion. Br J Surg 1943; 31:67-73. 

11. Huller T, Bazini J. Blast injuries of the chest and abdomen. Arch 
Surg 1970; 100:24-30. 

12. Hamit HF. Primary blast injuries. Industr Med 1973; 3:14-21. 

13. Hirsch M, Bazini J. Blast injury of the chest. Clin Radiol 1969; 20: 
362-370. 

14. Weiler-Ravell D, Adatto R, Borman JB. Blast injury of the chest: a 
review of the problem and its treatment. Isr J Med Sci 1975; 11: 
268-274. 

15. Coppel DL. Blast injuries of the lungs. Br J Surg 1976; 63:735-737. 

16. Caseby NG, Potter MF. Blast injuries of the lungs: clinical presen- 
tation, management and course. Injury 1976; 8:1-12. 

17. Freund U, Kopolovic J, Durst A. Compressed air emboli of the 
aortas and renal artery in blast injury. Injury 1980; 12:37-37. 

18. Hadden MA, Rutherford WH, Merrett JD. The injuries of terrorist 
bombing: a study of 1532 consecutive patients. Br J Surg 1978; 
65:525-531. 

19. Brismar B, Bergenwald L. The terrorist bomb explosion in Bologna, 
Italy, 1980: an analysis of the effects and injuries sustained. J 
Trauma 1982; 22:216-220. 

20. Cooper GJ, Maynar RL, Cross NL, et al. Casualties from terrorist 
bombings. J Trauma 1983; 23:955-967. 

21. Hill JF. Blast injury with particular reference to recent terrorist 

bombing incidents. Ann R Coll Surg Engl 1979; 61:4-11. 


ES eS OS aS ee ee 


A| 





Schistosomal Versus Nonschistosomal Variceal 


Bleeders 


Do They Respond Differently to Selective Shunt (DSRS)? 





FAROUK A. EZZAT, F.R.C.S., KAREEM M. ABU-ELMAGD, M.D., AHMED A. SULTAN, M.D., MOHAMED A. ALY, M.D., 
OMAR M. FATHY, M.D., OSAMA O. BAHGAT, M.D., AMGAD M. EL-FIKY, M.D., MOHSEN H. EL-BARBARY, M.D., and 


NABIL MASHHOOR, M.D., F.1.C.A.* 





The distal splenorenal shunt (DSRS) was performed in 125 con- 
secutive variceal bleeders. To date, no patients have been lost 
to follow-up (mean of 79 + 20 months). Liver pathology was 
documented in 85 patients: 45 patients had schistosomal hepatic 
fibrosis, 17 had nonalcoholic cirrhosis, and 23 had mixed pattern 
(hepatic fibrosis and cirrhosis). The preoperative data base for 
these three groups was matched (p > 0.05), with a mean follow- 
up of 79 + 20, 70 + 14, and 77 + 22 months for each population, 
respectively. The results showed low operative mortality (4.8%), 
high cumulative patency rate (94.8%) and low recurrent variceal 
hemorrhage (5.6%). The biochemical data showed significant 
increase in serum bilirubin (p < 0.001) and aspartate transam- 
inase (AST) (p < 0.05) in the nonschistosomal patients. Chronic 
hyperbilirubinemia was found in 33% of the schistosomal group. 
Prograde portal perfusion was detected in 94% of the patients, 
with development of collaterals in 91%. The angiographic pattern 
of these collaterals was 50% pancreatic, 45% gastric, and 26% 
colosplenic. Patients with mixed liver disease had a high incidence 
of Grade III portal perfusion (57%) and more common pancreatic 
and gastric collaterals (71%). The cumulative survival for all 
patients was 74.1%, with hepatic cell failure being the leading 
cause of death (13 patients, 50% of all deaths). The schistosomal 
patients had a 91.6% incidence, whereas the cirrhotic and mixed 
groups had survival rates of 75.6% and 65.2%, respectively. Also, 
of a 15% total incidence of encephalopathy, 4.4% was related to 
the schistosomal patients, 23.5% to the cirrhotics, and 21.7% to 
the mixed population. Statistically, the survival rate was signif- 
icantly better (p < 0.05) and encephalopathy was significantly 
lower (p < 0.05) in the schistosomal population. In conclusion, 
this data shows that: 1) DSRS has a high patency rate and a 
low variceal hemorrhage recurrence rate; 2) it maintains some 
degree of portal perfusion in patients with different nonalcoholic 
liver diseases, despite development of collaterals; and 3) the 
schistosomal patients have a better survival rate, with a low 
incidence of encephalopathy after DSRS, compared with the cir- 
rhotic and mixed populations. 


CHISTOSOMAL HEPATIC FIBROSIS and cirrhosis are 


the two main causes of portal hypertension and 
variceal bleeding worldwide.'* Although these two 
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liver diseases are quite different epidemiologically, they 
coexist in African countries such as Egypt.*’ A mixed 
entity therefore must conceivably be a common event. 
This is emphasized by the kinetic and fibrogenic nature 
of schistosomal lesions that may add the risk of harboring 
the hepatitis B virus with increased incidence of cirrhosis 
in such patients.‘ 

Distal splenorenal shunt (DSRS) effectively decom- 
presses gastroesophageal varices and prevents recurrent 
bleeding.’ The clinical outcome after such a procedure 
in cirrhotic patients has been carefully analyzed in both 
European and American series.'°** Only a few reports 
address the possible correlation between long-term sur- 
vival and the underlying liver pathology.**** In addition, 
a few scattered publications emanating from Egypt, Brazil, 
and other countries have focused on DSRS in the schis- 
tosomal population.*”*° 

The objective of this report is to evaluate critically the 
long-term effect of DSRS in variceal bleeders with schis- 
tosomal, cirrhotic, and mixed forms of portal hyperten- 
sion. This data may have a valid contribution in the field 
of portal hypertension by being unicentric and dealing 
with the prototypes of both presinusoidal and postsinu- 
soidal intrahepatic block in addition to the mixed 
form 2346-48 


Materials and Methods 


Patient Population 


The study group was a consecutive series of 125 variceal 
bleeders managed by elective DSRS between February 
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1978 and 1983 at the Gastroenterology Unit, Mansoura, 
Egypt. Our limit in this study design was a minimum of 
5 years’ follow-up. This series was a part of a larger total 
population of 339 patients seen over the same time in- 
terval and managed with other surgical therapeutic mo- 
dalities: total shunt (17%) and nonshunt procedures (46%). 
All patients included in the study fulfilled the following 
criteria: 1) history of at least one major episode of variceal 
bleeding with a 4-6 week interval between the last attack 
and date of surgery and 2) no symptoms or signs suggestive 
of encephalopathy. Bilharzial cor-pulmonale was a cri- 
terion of exclusion after the first ten cases. 

The patients were 122 men and three women with a 
mean + SD age of 34.8 + 10 years (range of 15-61 years). 
Preoperative clinical and laboratory assessment showed 
105 Child’s A and 20 Child’s B. 


Preoperative Evaluation 


All patients included in the study were subjected to 
clinical examination, stool and urine analysis, hematologic 
studies, laboratory assessment of liver and kidney func- 
tions, upper endoscopy, intravenous (I.V.) urography, 
cardiopulmonary and neuropsychiatric evaluation, ab- 
dominal ultrasonography, and liver biopsy. 

Stool and urine analysis were done for diagnosis and 
treatment of active schistosomiasis. Rectal biopsy was 
performed in negative cases to exclude closed active in- 
festation. The clinical and biochemical examination was 
the basis for stratifying the patients into Child’s classes. 
Endoscopic evaluation was done to document esophago- 
gastric varices and exclude any concomitant lesions. The 
cardiopulmonary examination, including electro- and 
echocardiography in selected cases, was mandatory in all 
patients for detection of schistosomal cor-pulmonale. The 
neuropsychiatric evaluation was done by the Department 
of Neurology and included electroencephalogram (EEG). 
Parsons-Smith grading*’ was adopted by our neurologists, 
with Grade C representing mild, Grade D representing 
moderate, and Grade E representing severe. Preoperative 
Tru-cut needle and/or operative wedge liver biopsy was 
performed in 85 patients (68%). 


Surgical Techniques 


The standard DSRS as described by Warren et al.*’ was 
applied to all patients with interruption of the collaterals 
connecting the gastrosplenic compartment to the porto- 
mesenteric axis. The technique of splenopancreatic dis- 
connection had not been evolved at the time that those 
patients included in the study were subjected to surgery. 


Longitudinal Follow-up 


Most of the patients had regular postoperative follow- 
up studies every year, with a minimum of 5 years for all 
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survivors. The mean follow-up time was 79 + 20 months 
(range of 60-120 months) with no patients being lost to 
follow-up. 

Postoperative work-up included all preoperative clin- 
ical, biochemical, endoscopic, neurologic, and medical 
assessments. Liver biopsy was repeated in patients with a 
suspicion of activity and those with persistent hyperbili- 
rubinemia. 


Angiographic Studies 


Percutaneous transplenic portography was performed 
3-6 months after surgery in 80 patients, with the exception 
of one patient, who had the study done at 105 months. 
Another 34 patients had visceral angiography at the time 
of their last follow-up. The angiographic package included 
the standardized superior mesenteric (SM) and splenic 
artery studies in addition to the hepatic venogram. Shun- 
togram was performed in selected cases. Grading of portal 
venous perfusion was made by studying the series of the 
SM angiogram.*! Grade I shows prograde visualization of 
contrast in the portal vein to demonstrate at least the 
quaternary intrahepatic radicles. Grade II shows only the 
secondary and tertiary radicles of the portal vein. Grade 
III shows contrast passing prograde in the portal vein up 
to the main right and left branches. Grade IV represents 
no prograde portal venous flow with reversal of flow on 
wedge hepatic vein injection in nonthrombosed patients. 


Hepatic Pathology 


Forty-five of the 85 patients with documented liver pa- 
thology had a histopathologic diagnosis of schistosomal 
hepatic fibrosis. Cirrhosis was identified in 17 patients 
and combined lesions (mixed form) was detected in 23. 
Chronic active liver disease was present in 53% and 48% 
of the cirrhotic and mixed groups, respectively. It is im- 
portant to note that there was no alcoholic cirrhosis in- 
cluded in this study. 

The preoperative data for the three groups did not show 
any significant difference with p > 0.05 (Table 1). There- 
fore, comparative analysis of the postoperative results of 
these matched groups is statistically valid. 


Definitions 


Hospital (operative) mortality was defined as death 
within 30 days of surgery, or death occurring during the 
hospitalization in which surgery took place. | 

Rebleeding was defined as at least a 2-unit blood trans- , 
fusion requirement and/or a drop of the hematocrit be- 
low 30%. 

Shunt dysfunction was defined as shunt occlusion and/ 
or variceal rebleeding. 

Clinical encephalopathy was defined as an episode of 
mental confusion clearly related by the patient or his 
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TABLE 1. Preoperative Clinical and Biochemical Definitions of the 
Three Different Pathologic Groups 


Schistosomal 
Definition Hepatic Fibrosis Cirrhosis Mixed 

No. of Patients 
Age (years) 45 17 23 
Sex 33.:+9 39 + 12 35: S10 

Male 45 17 21 

Female 0 0 2 
Activity 53% 48% 
Child’s Group A/B 40/5 15/2 20/3 
Follow-up (months) 79 +20 70 +14 y i Mig te 
Albumin (3.0-5.2 g/dl) 3.9+ 0.6 S62 O35. . 372 O07 
Total Bilirubin 

(0.2-1.2 mg/dl) 10+ 0.6 O.3+°0.3.- 102.04 
Protime (+ sec) Los £4 Lot: 2.3: > het 13 
ALT (3-25 IU/L) 46 +25 54 +27 60 +42 
AST (5-26 IU/L) 36. $ 28 38 +23 43. +3] 
Alkaline Phosphatase 

(5-13 KAU/L) iat Té 96.2% 29 10:3'%. 6.3 


Normal values in parenthesis. 
p Value for all parameters is not significant (p > 0.05). 


family, or detection of disorientation by a neurologist. 
Confusion or coma that occurred before death from he- 
patic failure was excluded. In this study, hepatic enceph- 
alopathy has been graded in a modified form as follows.*” 
Mild refers to trivial lack of awareness, euphoria or anx- 
iety, shortened attention span with impairment in per- 
forming addition or subtraction, and changes in the 
sleeping rhythm; moderate refers to lethargy or apathy, 
disorientation as to time, obvious personality changes and 
inappropriate behavior; and severe refers to repeated at- 
tacks of somnolence to semistuper and even coma, with 
confusion and gross disorientation occurring between the 
attacks. 


Statistical Analysis 


Data analysis was done for the total population (n 
= 125) and patients with documented liver pathology (n 
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= 85). Patients with known liver disease were divided into 
schistosomal (n = 45), cirrhotic (n = 17), and mixed 
groups (n = 23). 

Survival rate for the total and three different pathologic 
groups was estimated by the Kaplan-Meier method,” and 
the comparison was done by the log-rank test.°* The bio- 
chemical data was analyzed using both paired and un- 
paired t-test and Kruskal Wallis one-way analysis of vari- 
ance (ANOVA) for three-way comparison. The Mann- 
Whitney U-Wilcoxon test°> was used for independent 
variable analysis. 


Results 


Survival 


Total population. Hospital mortality included six pa- 
tients, accounting for an incidence of 4.8%. The overall 
survival is currently 74.1% (Fig. 1A). Hepatic cell failure 
was the leading cause of death in 13 patients (50%). In- 
dividual patient mortalities are summarized in Table 2. 

Hepatic pathology. Patients with schistosomal hepatic 
fibrosis had 91.6% cumulative survival, whereas the cir- 
rhotic and mixed groups had a survival rate of 75.6% and 
65.2%, respectively (Fig. 1B). This survival difference be- 
tween the schistosomal and nonschistosomal populations 
was Statistically significant (p < 0.05). 

The time of death among the three groups was not a 
significant variable (p < 0.06). Hepatocellular failure was 
not the cause of death in any of the schistosomal cases. 
However, it was responsible for four deaths in both the 
cirrhotic and mixed groups. 


Shunt Dysfunction 


Thrombosis. Shunt occlusion was angiographically 
documented in seven patients, accounting for a throm- 
bosis rate of 6.1%. Of the eleven patients who did not 
have postoperative angiography, nine had a benign clinical 
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Fics, 1A and B. Kaplan-Meier survival plot for patients subjected to DSRS. (A) The cumulative survival rate for all patients was 74.1%, with a 
standard error of 7.5%. (B) The schistosomal patients had a 91.6% cumulative survival, with a standard error of 5.4%. The cirrhotic and mixed 
groups showed a survival rate of 75.6% and 65.2%, with a standard error of 10.4% and 14.5%, respectively. There was one death in each group that 


was considered a censored observation. 
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TABLE 2. Deaths After DSRS, with Etiology of Portal Hypertension, 
Time Interval, and Cause of Death 


Time 
Until Death Liver 
Patient (months) Pathology Cause 

l Na Pulmonary embolism 

2 1” Pulmonary embolism 

3 i” SHF Right-sided heart failure 

4 i= Hemostatic failure 

5 1” Hemostatic failure 

6 2" SHF & C Septicemia 

7 4 Hepatorenal failure 

8 15 SHF & Cf Hepatic cell failure 

9 16 SHF & C Hepatic cell failure 
10 16 Hepatic cell failure 
11 18 SHF Complication of transplenic 

portography 

12 19 Ct Hepatic cell failure 
13 24 Ct Hepatic cell failure 
14 24 & Unknown 
15 30 SHF Automobile accident 
16 36 Hepatic cell failure 
17 38 C Hepatic cell failure 
18 56 Hepatic cell failure 
19 56 SHF & Cf Head injury 
20 60 By Hepatic cell failure 
21 67 Variceal hemorrhage 
22 70 Septicemia 
23 78 SHF Variceal hemorrhage 
24 84 SHF & C Hepatic cell failure 
25 86 SHF & C Hepatic cell failure 
26 101 Hepatic cell failure 


* Hospital mortality. 

+ Chronic activity. 

SHF = schistosomal hepatic fibrosis. 
C = cirrhosis. 


course with reduction of variceal and splenic sizes as an 
indirect evidence of shunt patency. The time scale to 
thrombosis in the seven patients with angiographic evi- 
dence of shunt occlusion and the clinical course of these 
patients are given in Table 3. The successful refashioning 
of one of these shunts accounts for a cumulative patency 
rate of 94.8%. 

In two of the patients with shunt occlusion, late post- 
operative transplenic portography was done at 6 and 105 
months. In both patients, it identified a distinct angio- 
graphic collateral pattern between the gastrosplenic and 


EZZAT AND OTHERS 


Ann. Surg. * April 1989 





FIG. 2. Thrombosed shunt on a transplenic portogram 105 months after 
surgery. Note the large pancreatogastric collaterals that drain the splenic 
hilus to the portal vein. 


portomesenteric axis (Fig. 2). An episode of mild variceal 
rebleeding developed in one of these patients and was 
managed by endosclerosis. The second patient did not 
rebleed until he died of injuries sustained in an automobile 
accident. 

Rebleeding. Variceal rebleeding developed in seven pa- 
tients (5.6%). Five of these patients had documented shunt 
thrombosis and were managed as shown in Table 3. All 
of these patients survived except for the one who had a 
trial of mesocaval shunt. The other two variceal rebleeders 
died of severe hemorrhage after several sets of endoscopic 
sclerotherapy at 67 and 78 months after surgery, and their 
shunt status was never known. Collectively, exsanguina- 
tion from variceal rebleeding was responsible for 11.5% 
of the total number of deaths. Nonvariceal upper gas- 
trointestinal (G.I.) hemorrhage occurred in another pa- 
tient 8 days after surgery and was managed by conservative 
measures. 

With its low incidence among the total population, 
shunt failure was not significantly different (p < 0.4) 
among the three different pathologic groups. 


TABLE 3. Patients with Decumented Shunt Thrombosis at Angiography with Time and Clinical Course 


Time Rebleeding Size of Varices 
3 days ++ 2 ++ 
3 days + 2++ 
5 days ++ 2 ++ 
7 days ++ 3 +++ 
7 days = 3+4++ 
6 mos. a 2 ++ 
105 mos. ++ 2++ 


SHF = Schistosomal Hepatic Fibrosis. 


Pathology Management 
SHF & C » Trial of mesocaval shunt 
Splenectomy and devascularization 
SHF Refashioned shunt 
SHF Splenectomy and devascularization 
Splenectomy and devascularization 
SHF Conservative 
SHF & C Sclerotherapy 
C = Cirrhosis. 
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TABLE 4. Patients with Clinical Encephalopathy After DSRS 
Fastingt 
Onset Ammonia 

No. of Patients Clinical Degree (mos.) (ug/dl) EEG Liver Pathology Fate 
l Moderate 6 95 D SHF & C* Alive 
2 Severe 10 126 E Dead 
3 Severe 10 107 D Dead 
4 Severe 12 152 D Dead 
5 Severe 13 277 E SHF & C* Dead 
6 Severe 15 136 D SHF & C Dead 
7 Severe 30 200 Normal Cc Dead 
8 Moderate 30 84 E Dead 
9 Severe 32 81 Alive 
10 Mild 33 187 Normal Alive 
11 Severe 36 180 E Cc Alive 
12 Severe 36 145 E Si Dead 
13 Moderate 36 100 D SHF & C* Alive 
14 Moderate 36 130 D c. Alive 
15 Severe 42 167 D Alive 
16 Severe 42 137 D SHF & C Dead 
17 Mild 42 150 E SHF Alive 
18 Severe 48 178 E Dead 
19 Mild 110 124 Normal SHF Alive 


* Chronic activity. 
t Normal range of plasma ammonia in our laboratory is 5-83 „g/dl. 


Ascites. Early postoperative ascites developed in 20 pa- 
tients (16%). The ascites resolved with salt restriction and 
diuretics within 3 and 12 months in 15 and three patients, 
respectively. Ascites persisted in only two patients. 

The incidence of ascites was 11% among the schisto- 
somal patients, and 41% and 35% among the cirrhotic 
and mixed populations, respectively. The two patients 
with persistent ascites belonged to the mixed group and 
their serum albumin was persistently low. 


Encephalopathy 


Total population. Absence of encephalopathy before 
surgery was a criterion for patient selection. Clinical en- 
cephalopathy developed in 19 patients (15%). The devel- 
oping time, degree, work-up, clinical course, and asso- 
ciated liver pathology for each case are given in Table 4. 
The onset (mean + SD) was 32 + 23 months (range of 
6-110 months) after surgery. Fifty per cent of these pa- 
tients died at some time during the follow-up period, and 
only 30% of the survivors (three patients) were not able 
to return to their normal daily activity. The fasting plasma 
ammonia level (mean + SD) was 145 + 47 ug/dl (range 
of 81-277 yug/dl). Hepatic dysfunction was evident at the 
. time of onset of encephalopathy, with a highly significant 
postoperative change in all biochemical parameters (p 
< 0.0001). 

Hepatic pathology. Clinical encephalopathy was de- 
tected in 4.4% of the schistosomal patients. Meanwhile, 
the cirrhotic and mixed groups showed an incidence of 


SHF = Schistosomal hepatic fibrosis. 
C = Cirrhosis. 


23.5% and 21.7%. The difference in these figures com- 
paring the schistosomal with the nonschistosomal patients 
was statistically significant (p < 0.04). 

In addition, encephalopathy was mild in the schisto- 
somal group and moderate-to-severe in the other two 
groups. The time of onset (mean + SD) was 76 + 34 
months in the schistosomal patients, 35 + 3 months in 
the cirrhotic patients, and 22 + 16 months in the mixed 
groups. The value of fasting plasma ammonia (mean 
+ SD) for these groups was 137 + 18, 164 + 32, and 149 
+ 74 pg/dl, respectively. 

Although all of the schistosomal encephalopathic pa- 
tients survived, 50% of the cirrhotic patients and 60% of 
the mixed morbid patients died. 


Biochemical Data 


Total population. Serum albumin, bilirubin, pro- 
thrombin time (+ seconds), alanine transaminase (ALT), 
aspartate transaminase (AST) and alkaline phosphatase 
were analyzed before and at the time of last follow-up for 
the survivors (Table 5). There was a significant increase 
in serum bilirubin (p < 0.003), AST (p < 0.0001), and 
alkaline phosphatase (p < 0.007), with significant reduc- 
tion in ALT (p < 0.02). There were no significant changes 
in either serum albumin or prothrombin time (+ sec). 

The preoperative serum albumin correlated (p < 0.01) 
with survival, whereas the postoperative reduction was a 
reliable predictor of both survival (p < 0.0001) and en- 
cephalopathy (p < 0.001). In addition, the postoperative 
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TABLE 5. 5-10-Year Postoperative Changes in the Biochemical Profile of Hepatocyte Function for Survivors 
Preoperative Postoperative 
n = 98 n = 98 p Value 

Albumin (3-5.2 g/dl) 3.9 + 0.6 3.9+ 0.6 NS 
Bilirubin (0.2-1.2 mg/dl) 09+ 0.4 22% 41 <0.003 
Prothrombin Time (+ sec) [Ss 15 13 1.4 NS 
ALT (3-25 IU/L) 48 + 26 40 +20 <0.02 
AST (5-26 IU/L) 35 2+ 26 50 +33 <0.0001 
Alkaline Phosphatase (5-13 KAU/L) 99+ 6 172 5 <0.007 

increase in prothrombin time (+ sec) correlated with both Hemodynamic Studies 


variables with the significant levels of p < 0.002 and p 
< 0.0001, respectively. Meanwhile, changes in both serum 
bilirubin (p < 0.02) and ALT (p < 0.07) predicted survival, 
whereas changes in alkaline phosphatase level correlated 
with encephalopathy only (p < 0.04). 

Hepatic pathology. The biochemical profile for the 
schistosomal survivors showed significant increase in 
serum bilirubin (p < 0.001) and reduction in ALT (p 
< 0.01). Both the cirrhotic and mixed groups showed the 
same level of significance with serum bilirubin, but it was 
associated with a significant increase in AST (p < 0.05) 
in both groups, and with alkaline phosphatase (p < 0.05) 
only in the cirrhotics (Table 6). However, the reduction 
or increase (preoperative-postoperative) in these variables 
was not significantly different among the three groups, 
except in the case of the difference in the serum bilirubin 
between the cirrhotic and mixed groups (p < 0.01). 

Chronic hyperbilirubinemia was detected in 13 schis- 
tosomal patients (33%), with a value (mean + SD) of 2.9 
+ 0.6 mg/dl (range of 2-4 mg/dl). The postoperative 
plasma level of alanine and aspartate transferases was 
within normal limits, and the preoperative value (mean 
+ SD) of serum bilirubin for these patients was 1.1 + 0.6 
mg/dl. 


Total population. Prograde portal perfusion was doc- 
umented in 94% of the patients angiographically studied 
at 5-10 years after selective shunt. Grade I-II portal flow 
was detected in 82% of these patients (Figs. 3A and B), 
and Grade III was detected in 12% of the cases. 

Portaprival collaterals were detected in 91% of patients, 
with an incidence of 50% transpancreatic, 45% transgas- 
tric, and 26% colosplenic collaterals (Figs 4A-C). 

Hepatic pathology. All patients of the three groups re- 
tained some degree of portal flow. However, 57% of the 
patients with mixed liver disease showed Grade III portal 
perfusion (Fig. 5A), with a higher incidence of both pan- 
creatic and gastric collaterals (71%) compared with that 
of the schistosomal and cirrhotic patients (Fig. 5B). 


Discussion 


The superiority of distal splenorenal shunt in the man- 
agement of schistosomal variceal bleeders*? triggered the 
conduction of this comparative unicentric study. The 
presinusoidal and postsinusoidal intrahepatic vascular 
block coexists in a pure or mixed form in our community.‘ 


TABLE 6. 5-10-Year Postoperative Changes in Biochemical Data of Survivors in the Three Different Pathologic Groups 


SHF (n = 40) 


Preoperative Postoperative P Value 


Cirrhosis (n = 12) Mixed (n = 16) 


Preoperative Postoperative P Value Preoperative Postoperative P Value 


Albumin 

(3-5.2 g/dl) 3.9+ 0.6 tit 05 NS 3.9+ 0.5 3.6+ 0.7 NS 3.9+ 0.6 3.8+ 0.7 NS 
Bilirubin 

(0.2-1.2 mg/dl) 10+ 0.6 18+ 09 <0.001 0.8+ 0.3 20+ 06 <0.001 10+ 0.4 Iss 07 <0.05 
Prothrombin time . 

(+ sec) 12 42 10+ 1.1 NS Lle 2I LTE 23 NS St 14 Ast 10 NS 
ALT 

(3-25 IU/L) 48 +26 35 £18 <0.01 52 +29 50 + 19 NS 57 +33 47 #23 NS 
AST 

(5-26 IU/L) 34 +24 43 +28 NS 41 +26 62 +21 <0.05 44 +27 Ti 35 <0.05 
Alkaline Phosphatase 

(5-13 KAU/L) 142 $0 1172:30 NS 94+ 30 124+ 40 <0.05 OTE 60 L18Se.d8 NS 


SHF = schistosomal hepatic fibrosis. 
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Fics. 3A and B. Preservation of portal perfusion after DSRS. Venous phase of superior mesenteric angiogram. (A) Grade I portal venous perfusion 
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in a schistosomal patient 9 years after DSRS. (B) Another schistosomal patient with Grade II portal perfusion 118 months after DSRS. Note the 


splenorenal stealing due to patent proximal splenic stump. 


Therefore, it was a good opportunity to perform such a 
clinical design. 

This work may not be able to address all of the un- 
avoidable variables that interfere with the outcome after 
certain therapeutic modalities in patients with portal hy- 
pertension syndrome. However, it echoes the findings of 
an earlier study and supports the effectiveness of DSRS 
in the long-term management of schistosomal variceal 
bleeders.** Categorization of the studied patients according 
to the nature of their liver disease may shed some light 
on the effect of such a variable on the clinical and he- 
modynamic outcome after DSRS. This study also pays 
attention for the first time to a neglected group— the 
“mixed population”— with a combined intrahepatic pre- 
and postsinusoidal block concomitant with parenchymal 
cirrhotic changes. 

In patients with preoperative Child’s A/B classes, DSRS 
is associated with an acceptable hospital mortality rate. 
In this study, the hospital mortality was 4.8%; the world- 
wide reported experience has been 1-16%.’ The nature 
of the hepatic disease that was responsible for our oper- 
ative mortalities was able to be discovered in only one 
. case. However, both the Egyptian and Brazilian series 
showed a very low incidence of hospital mortality in the 
schistosomal patients.*”***° The primary cause of death 
in most studies was hepatic cell failure. However, pul- 
monary embolism and hemostatic failure were the leading 
causes of death of our operative mortalities. Only one 


patient died of right-sided heart failure because of a sec- 
ond-degree bilharzial cor-pulmonale. It is important to 
mention that most of these deaths occurred during our 
early experience with DSRS and before bilharzial cor- 
pulmonale was a criterion of exclusion from study. 

In this study, DSRS had a high patency rate (94.8%). 
A patency rate of more than 90% has also been docu- 
mented by many other centers.’ Shunt failure is due 
mainly to technical errors that could be corrected during 
the early postoperative period. 

Shunt thrombosis was detected in 6.6% of the schis- 
tosomal patients and in 8.6% of the patients of the mixed 
group. The Brazilian investigators reported an incidence 
of 2.2%.” Shunt occlusion is associated with a high risk 
of rebleeding, particularly in the schistosomal patients. 
Therefore, early recognition and correction of shunt fail- 
ure are strongly recommended. 

The high efficacy of DSRS in protecting against variceal 
hemorrhage is further substantiated in this report. This 
low incidence of variceal bleeding (5.6%) directly parallels 
the high patency rate. Only seven patients had variceal 
rebleeding, and in three of these patients, it was the leading 
cause of death. Of the schistosomal patients, 4.4% expe- 
rienced variceal rebleeding, whereas variceal rebleeding 
occurred in 8.7% of the patients of the mixed group. In 
the total experience of Emory,’ as well as worldwide, the 
risk of rebleeding after DSRS in cirrhotics is approxi- 
mately 7%.° 
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Postoperative ascites was clinically detected in 16% of 
the patients, and except in two cases, did not exist after 
12 months. The schistosomal patients had an incidence 
of 11%, whereas the cirrhotic and mixed groups had in- 
cidences of 41% and 35%, respectively. The worldwide 
reported incidence of ascites in cirrhotics ranged from 
10% to 56%.®” This wide variation and difference could 
be a reflection of the nature and severity of liver disease 


Fics. 4A-C. Collateral pattern after DSRS on the venous phase of superior 
mesenteric artery. (A) Pancreatic siphon with Grade III portal perfusion 
in a patient with mixed liver disease 96 months after DSRS. (B) Tran- 
gastric collaterals through missed coronary vein. (C) Colosplenic pathway. 


with a higher sinusoidal pressure in cirrhotics. Temporary 
ascitogenic factors such as lymphatic interruption or 
postoperative pancreatitis may be the underlying cause. 
The significant changes in some of the biochemical data 
may reflect impairment of hepatocyte function after DSRS 
on long-term follow-up. Analysis of this data after being 
stratified according to the nature of liver disease referred 
these changes, except for that of serum bilirubin, to the 
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Fics. 5. The incidence of portal perfusion grades and collateral pattern 
in 32 patients with known liver pathology. (A) The schistosomal patients 
have better grades, whereas more than 50% of the mixed group have 
Grade III portal perfusion. (B) Pancreatic and gastric collaterals are more 
common in patients with mixed liver disease. 
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FIG. 6. Venous phase of splenic artery injection in a schistosomal patient 
with chronic hyperbilirubinemia (3.5 mg/dl) 5 years after DSRS. Note 
the large and tortuous splenic and renal vein with early visualization (4 
seconds) of the shunt and inferior vena cava after the arterial injection. 
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cirrhotic and mixed populations. These changes may re- 
flect the progressive nature of the cirrhotic process, es- 
pecially when it is associated with activity. 

The reduction or increase in all of the biochemical data 
after DSRS among the three different groups did not show 
any significant difference. Therefore, these results may 
emphasize the physiologic and metabolic advantages of 
DSRS. 

Prediction of survival and/or encephalopathy by some 
of the biochemical data, as proven in this study and by 
other centers,®!! may clarify and point out that hepatocyte 
dysfunction is the leading cause of such events. 

Chronic rise in total serum bilirubin without evidence 
of hepatic cell failure was detected in 33% of the schis- 
tosomal patients after DSRS. This state of chronic hy- 
perbilirubinemia is usually associated with reasonable 
serum albumin and normal prothrombin time. Similar 
observations (an incidence of 43%) have been made by 
the Brazilian team.” This phenomenon may be attributed 
to either a hemolytic mechanism or a reduction in hepatic 
clearance. The increased hemolysis can be explained by 
the increased turbulent splenic blood flow in the splenic 
sinusoidal bed and across the splenorenal anastomosis 
(Fig. 6). Also, impaired clearance may possibly be due to 
hepatocellular dysfunction and/or diversion of the he- 
molytic pigments away from the liver.*”*° 

As demonstrated by the late angiographic studies, the 
schistosomal patients seem to maintain prograde portal 
flow better than the cirrhotic and mixed populations. Al- 
though all of the angiographically studied patients among 
the cirrhotic group in this study had some degree of portal 
perfusion, the Emory series showed an incidence of about 
80% prograde portal flow in the nonalcoholic cirrhotics.**° 

Portal malcirculation was documented in 91% of the 
patients included in this work and subjected to angio- 
graphic studies after DSRS. The lower incidence in the 
percentage of the three collateral pathways as compared 
to that reported by the Emory team* may be explained 
by the difference in the nature of the underlying liver pa- 
thology in both studies. 

The quality of life after shunt surgery is largely deter- 
mined by the presence or absence of encephalopathy. The 
total incidence of encephalopathy in this study was 15%. 
However, the onset was associated with evidence of im- 
pairment of hepatocyte function. With the hemodynamic 
and metabolic advantages of selective shunt, the schis- 
tosomal patients are less prone to develop such morbidity 
(4.4%). The Brazilian investigators reported an incidence 
of 6.9%.*° Also in this study, the cirrhotic and mixed 
groups showed an incidence of encephalopathy of 23.5% 
and 21.7%, respectively. Similar results have been 
cited by many centers, with incidences ranging from 
12% to 27%, depending on the period of postoperative 
follow-up.”'° 
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Fics. 7A and B. The concept of the intrahepatic vascular and parenchymal changes.(A) Schistosomal hepatic fibrosis. Note distortion and compression 
of the terminal portal venules (TPV) by the schistosomal granuloma (SHO). The sinusoids, central vein (CV) and terminal hepatic venules (THV) 
are normal. Hepatic architecture is maintained and the terminal hepatic arteriole (THA) is hypertrophied with angiomatous malformations in the 
periportal area. (B) Cirrhosis. Distortion of TPV, CV, and THV. Hepatic architecture is distorted with widening of the Disse’s spaces (DS), narrowing 


and capillarization of the sinusoids. 


The interrelationship between one or two entities of 
liver diseases and survival after DSRS has been addressed 
in few reports.**** This study dealt with three quite dif- 
ferent pathologic entities and showed a 10-year overall 
survival of 74.1%. The cumulative survival for the schis- 
tosomal patients was 91.6%. It was significantly better than 
that for the cirrhotic and mixed groups (75.6% and 65.2%, 
respectively). Also, the reported survival of 5 years (70%) 
and 10 years (63%) for nonalcoholic cirrhotics supports 
that there DSRS has a beneficial effect on such a popu- 
lation.'° However, chronic activity in such patients has a 
deleterious effect on survival as well as quality of life.” 

The published data from our center‘? showed a 5-year 
survival of 88%. The maintenance of such levels of survival 
for 10 years after DSRS can be explained by the young 
age of the patients in the two studies and the lower attrition 
rate of schistosomal hepatic fibrosis. 

The overall clinical, biochemical, and hemodynamic 
results in this study underscore the type of hepatic pa- 
thology as predictor variable for such an outcome after 
DSRS. The better results with schistosomal hepatic fibrosis 
can be explained by preservation of the hepatocellular 
integrity. The intrahepatic schistosomal changes are 
mainly vascular and are at the presinusoidal level with 
minimal deposition of collagen in the Disse’s space (Fig. 
7A). This allows better perfusion and function of the he- 
patocytes. By contrast, the cirrhotic process is usually as- 
sociated with marked intrahepatic vascular and paren- 
chymal changes with distortion of the hepatic acinus and 
impaired hepatocyte perfusion (Fig. 7B). In addition, the 
progressive behavior of cirrhosis and the aggressive nature 


of some of the associated chronic active liver diseases may 
have a cumulative deleterious effect on hepatocytes. 

A certain surgical procedure may be best evaluated in 
patients with schistosomal hepatic fibrosis. This is because 
of the uniformity of the hepatic fibrosis process that may 
minimize the large number of variables inherent in the 
cirrhotic population. Therefore any postoperative clin- 
ical, hemodynamic, and metabolic changes can be con- 
fidently attributed to the surgical procedure. 


Conclusion 


This clinical trial proves that DSRS is effective in the 
management of schistosomal and nonschistosomal vari- 
ceal bleeders. The operative mortality of the procedure 
was 4.8%. Recurrent variceal hemorrhage occurred in only 
5.6% of the patients. Of particular importance was the 
high and better survival (91.6%) and low incidence of en- 
cephalopathy (4.4%) in the schistosomal population. 

At the present time, distal splenorenal shunt and en- 
doscopic variceal sclerosis offer the best available man- 
agement methods for patients with recurrent variceal 
bleeding worldwide. These two therapeutic modalities are 
presently undergoing continual improvement and refine- 
ment.” The preliminary results of prospective randomized | 
studies suggest initial treatment with sclerotherapy for 
variceal bleeding in cirrhotics with selective shunt for those 
in whom uncontrollable rebleeding occurs.**°? However, 
with schistosomal hepatic fibrosis, recurrent variceal 
bleeding is the leading cause of death in such patients 
with preserved hepatocyte function. Until the role of 
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sclerotherapy is fully investigated, especially with the 
schistosomal patients, in a prospective randomized com- 
parative study with DSRS, we consider selective shunt as 
the preferable treatment of choice for the schistosomal 
patients. 
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BC/BE GENERAL SURGEON to join primary care physician 
group of 16. Position located at divisional site of large multispecialty 
group of 190 physicians. Division located in upper Midwest, 
university community. Please send C.V. to: Box ANN4B, J. B. 
Lippincott Co., East Washington Square, Philadelphia, PA 
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CASE WESTERN RESERVE UNIVERSITY: CLEVELAND 
METROPOLITAN GENERAL HOSPITAL—The Department 
of Surgery Case Western Reserve University and Cleveland Metro- 
politan General Hospital invites applications for a general surgeon. 
Preference will be given individuals in active clinical practice with 
interest and experience in laboratory research. Applications with a 
current Curriculum Vitae should be sent to Edward G. Mansour, 
M.D., Interim Director, Department of Surgery, Cleveland 
Metropolitan General Hospital, 3395 Scranton Road, Cleveland, 
Ohio 44109. Case Western Reserve University is an equal oppor- 
tunity/affirmative action employer. 
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L. Cohen, M.D. or Martin L. Snyder, M.D., Mount Sinai 
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COLORADO PERMANENTE MEDICAL GROUP is an 
expanding multispecialty prepaid group practice caring for members 
of the Kaiser Foundation Health Plan. Position available imme- 
diately for BE/BC general surgeon to join existing eleven physician 
department. Competitive salary and benefits. Contact: V.A. 
LaFleur, M.D., Associate Medical Director, Colorado Perma- 
nente Medical Group, P.C., 2045 Franklin Street, Denver, CO 
80205, (303) 861-3263. EOE. 
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FLORIDA PRACTICE TO PURCHASE—A large 30 years 
single practitioner surgical practice is beginning preparation for 
retirement. The practice is well established and respected in 
Northeast Florida and has a very strong relationship with referral 
sources and area hospitals. Inquiries from Board Certified General 
Surgeons are welcome. Please send CV and or letter of qualifications 
to Box ANN4E, J. B. Lippincott Company, East Washington 
Square, Philadelphia, PA 19105. 





GENERAL AND VASCULAR SURGEON: Opening for a BC/ 
BE associate in the field of general surgery in a Northwestern 
community. Some thoracic and vascular; heavy endoscopy. Popula- 
tion 10,000 with a 40,000 service area. Office is in a new medical 
clinic adjacent to a new 82-bed hospital. CT available as well as 
Level III trauma rating. Please submit resume to Box ANN4AC, J. B. 
Lippincott Company, East Washington Square, Philadelphia, PA 
19105. 





General Surgeon (BE/BC) interested in trauma to join existing 2- 
man partnership. Candidate should have strong interest in providing 
excellent care in all areas of general surgery. Practice location is South 
Denver metropolitan. Convenient access to Rocky Mountain 
outdoor activities. Contact Shirley Molina (303) 741-9440 or 
Kay Blunk (303) 741-1371. 





GENERAL SURGEON—BE/BC steadily growing, established 
multi-specialty group seeks additional surgeon for busy 8 person 
department. Specialty welcomed, varied practice. Pleasant com- 
munity hospital near San Francisco. Competitive salary, excellent 
benefits, partnership. CV to PE Sapienza, M.D., Permanente 
Medical Group, 1200 El Camino, S. San Francisco, CA 94080. 





GENERAL SURGEON—BC, BE, to join solo general surgeon in 
the progressive city of Va. Beach, VA, leading to partnership. Please 
send CV to Dr. M. Rahnema, 1856 Colonial Medical Ct., Va. 
Beach, VA 23454. 





GENERAL SURGEON - SAN FRANCISCO BAY AREA— 
Outstanding opportunity for BE/BC general surgeon starting July, 
1989. Interesting surgical practice in a beautiful area to live and 
work. Excellent salary and exceptional benefits, with opportunity to 
become shareholder in two years and senior partner in three years. 
Direct inquiries to Chief, Department of Surgery, Kaiser Perma- 
nente Medical Center, 1150 Veterans Blvd., Redwood City, CA 
94063. EEO/AA. 





GENERAL/THORACIC SURGEON—CALIFORNIA—We 
need a very special General Surgeon who is also trained in Thoracic 
Surgery, and interested in an excellent practice doing General and 
Thoracic surgery, no open heart. We offer the opportunity to 
establish private practice with no investment, guaranteed income. 
Our service area population is 90,000. Located in Central California 
near Sequoia National Park, Tulare offers a family-oriented envi- 
ronment, beautiful homes attractively priced, abundant recreation, 
good schools, restaurants, services and shopping. New businesses are 
contributing to the steady growth of our active community, where 
the lifestyle advantages of a small city are combined with easy access 
to all California’s attractions. For more information, please send CV 
or call: Tulare District Hospital Physician Recruiting Office, RO. 
Box 90112, Los Angeles, CA 90009, (213) 216-2687. 





GENERAL/VASCULAR SURGEON—North Carolina, New 
Jersey, and Nationwide Opportunities. BE/BC. Dr. Len Goodman, 
SMA, P.O. Box 25786, Charlotte, NC 28229, 704-536-2527. 
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General/ Peripheral Vascular Surgeon—B.C./B.E. with fellow- 
ship in peripheral vascular surgery to join two busy general surgeons 
in medium size midwestern city. Close to metropolitan area and two 
university medical centers. Excellent hospital facilities with young, 
progressive medical staff. Benefits and salary leading to partnership 
opportunity. Send CV to Box ANN4E, c/o J.B. Lippincott 
Company, East Washington Square, Philadelphia, PA 19105. 





INDIANIA—General and Thoracic Surgeon (BC/BE). Busy and 
stable six (6) man department in 60 M.D. multispecialty group, 
minutes from Chicago, looking to ADD and SHARE responsibil- 
ities with well-trained general and thoracic, non-cardiac surgeon. 
Captive on-site referral base from more than 35 primary care 
associates. Excellent diagnostics and support from well equipped 
Radiology department—from routine to total CT scan. Complete 
lab and out-patient Surgery Center on site. Partnership in one year— 
No buy in. With existing incentive formula could be one of highest 
earners in group. Excellent career opportunity for group oriented 
M.D. Most liberal vacation/PG allowance. Malpractice and fringes 
Clinic paid. Community, schools, and location ideal for family. Send 
resume to: T.R. Hofferth, Administrator, The Hammond Clinic, 
7905 Calumet Avenue, Munster, IN 46321. (219) 836-5800. 





NORTH CAROLINA—VASCULAR, THORACIC, AND 
GENERAL SURGEONwho is BC/BE to join two Board Certified 
General Surgeons in Central Piedmont North Carolina and also be 
director of well staffed non-invasive Vascular Lab at progressive 
hospital. Splendid lifestyle situation with attractive compensation 
package and partnership opportunity. Send CV to: BOX ANN4D, 
J. B. Lippincott Company, East Washington Square, Philadel- 
phia, PA 19105. 





PEDIATRIC SURGICAL FELLOWSHIP—Available for one 
year starting July, 1989, at Miami Children’s Hospital for a board 
eligible/certified general surgeon wanting additional experience in 
the surgical care of children. Four fulltime pediatric surgeons, a 
faculty of 70 pediatric specialists, a regional Trauma Network, a 
Pediatric Medical Training Program and a 208 bed new Children’s 
Hospital are just some of the benefits available to this position. Call 
or write Charles A. Lankau, Jr., M.D., Chief, Pediatric Surgery, 
Suite 201, 3200 SW 60th Court, Miami, Florida 33155, 305-662- 
8320. 





POSTDOCTORAL RESEARCH FELLOWSHIP—Postdoc- 
toral research fellowship available to individual interested in cardiac 
surgery or cardiovascular physiology. NIH-funded research explores 
the mechanisms associated with the minimization of ischemic injury 
to the heart and the improvement of postischemic ventricular 
function. The position is designed to be filled by a M.D. currently 
in a surgical residency or cardiothoracic fellowship, but candidates 
with a Ph.D. and surgical experience and/or training in cardiovas- 
cular physiology are invited to apply. Available July 1, 1989. Send 
curriculum vitae and three letters of recommendation to: David G.L. 
Van Wylen, Ph.D., Department of Surgery, State University of 
New York at Buffalo, BB201, Clinical Center, 462 Grider Street, 
Buffalo, New York 14215. 





TRAUMA SURGEON: The University of Miami, School of 
Medicine/ Jackson Memorial Medical Center is seeking a full-tume 
trauma surgeon. Jackson Memorial Hospital is the only Level I 
Trauma Center in South Florida providing an excellent opportunity 
for both a clinical and academic practice. Send inquiries and 
curriculum vitae to: Robert Zeppa, M.D., Dept. of Surgery 
(R310), P.O. Box 016310, Miami, Florida 33101; Tel: (305) 547- 
6721. 
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PRACTICES FOR SALE—Assume an existing practice available 
in most states and all specialties. Practices appraised on-site. Fees 
paid by seller. Contact Frank Murray, Jackson & Coker, 400 
Perimeter Center Terrace, Suite 760 ASPB9, Atlanta, GA 30346, 
Tel. 1-800-544-1987. 





SURGICAL ONCOLOGY RESEARCH FELLOWSHIPS— 
The Div of Surg City of Hope Nat’l Medical Ctr has been awarded 
a grant from the NCI supporting the research training of outstanding 
surgeons as preparation for careers in academic surgical oncology. 
The trainees spend 2 years in laboratory investigation involved in the 
testing of clinically relevant hypotheses. The program is flexibly 
designed so that electives in non-surgical clinical disciplines (Med 
Onc, Rad Onc, etc) can be included and so that the needs of each 
trainee are optimally fulfilled. Training may be taken during or upon 
completion of residency. Salary is dependant upon level of training. 
Benefits include health ins. Appts commence 7/1/89. Contact: J. 
David Beatty, MD, Dir, Res & Ed, Div of Surg, City of Hope 
Nat’! Med Ctr, 1500 E Duarte Rd, Dept A, Duarte, CA 91010. 
Telephone 818-359-8111, Ext 3051. 





The Mary Imogene Bassett Hospital, affiliated with Columbia 
University, is seeking an academic general surgeon or general 
surgeon/subspecialist with research experience to expand the 
surgical research program, conduct laboratory research, and super- 
vise surgical resident research projects. Adequate space and initial 
support are available. Responsibilities will be divided evenly 
between clinical activities and The Mary Imogene Bassett Research 
Institute. Submit inquiries and CV to Michael S. Gold, MD, 
Surgeon-in-Chief, The Mary Imogene Bassett Hospital, Atwell 
Road, Coopertown, NY, 13326. Telephone (607) 547-3968. 





VASCULAR SURGEON—Board certified/eligible vascular sur- 
geon needed to join 300 physician multi-specialty group in 
Sacramento, CA. Competitive salary and excellent fringe benefits. 
Ninety miles from Sierra skiing and San Francisco. California license 
required. Send curriculum vitae to: Mrs. Carolyn Whelan, The 
Permanente Medical Group, Inc., 2025 Morse Avenue, Sacra- 
mento, CA 95825. EOE. 





ANNOUNCEMENT— American Association of Clinical Anato- 
mists’ Postgraduate Course, “CLINICAL ANATOMY OF THE 
GASTROINTESTINAL TRACT—A REGIONAL APPROACH,” 
June 3-4, 1989, Vanderbilt University Medical Center, Nashville, 
TN. For further information, contact: R. Benton Adkins, Jr., M.D., 
Department of Surgery, T-2119 MCN, Vanderbilt University, 
Nashville, TN 37232-2727, Phone (615) 322-2242 or 259-5805. 
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May 4, 1988 
Dear Editor: 


In their article “Long-term Follow-up of Patients with Biopsy- 
Proven Benign Breast Disease” of the April 1988 issue of Annals 
of Surgery, Ris et al. have reported long-term follow-up of women 
with biopsy-proven benign breast disease (BBD). Although the 
length and completeness of follow-up in this cohort of 365 
women is impressive, there are major problems with the inter- 
pretation of the data presented. The conclusion that clinical ex- 
amination is the best way to follow women with BBD is unsup- 
ported and contradicts the established benefits of mammography. 
The finding of no association between risk for breast cancer and 
histologic type of benign breast lesion, age at diagnosis of benign 
breast disease, and family history of breast cancer contradicts 
the findings of other large studies. 

Women who have biopsy-proven BBD are at increased risk 
for subsequent development of breast cancer.! Among the 365 
women followed by Ris et al., accounting for a total of 3145 
person-years at risk, eleven cancers developed. Compared to 
age-adjusted cancer rates in the general population, the women 
with biopsy-proven BBD had a 2.6-times increased risk of de- 
veloping breast cancer. As the authors point out, this increased 
risk may be due to an increased prevalence of unmeasured risk 
factors for breast cancer (such as family history, early menarche, 
and late menopause, among others) as well as to BBD. Nev- 
ertheless, these women have been repeatedly shown to be at 
increased risk for breast cancer and thus deserve careful and 
regular screening for breast cancer. Ris et al. found eleven cancers 
in their patients during an average of 8.6 years of follow-up. Of 
those eleven cancers, eight were detected by physical examination 
alone and three were detected by mammography. Because the 
mean size of the tumor and the lymph node status did not differ 
in the examination-detected group as opposed to the mammog- 
raphy-detected group, the authors conclude that physical ex- 
amination is as good as mammography for following women 
with BBD. Following women with BBD means screening a high- 
risk group for breast cancer. Large randomized trials have es- 
tablished the efficacy of mammography in detecting cancers that 
are not palpable on physical examination, detecting cancers at 
an earlier stage than those found by physical examination, and 
decreasing mortality due to breast cancer in screened groups as 
compared with unscreened groups.”* Due to small sample size 
and lower power, no reliable conclusions can be based on a 
comparison of screening methods in three cancers versus eight 
cancers, as reported in the study by Ris et al. All women with 
BBD should perform monthly breast self-examination and, de- 
pending on age and other risk factors, receive yearly physical 
examination by a physician and yearly mammography. BBD 
increases risk for breast cancer, often makes good physical ex- 
amination difficult, and occasionally requires treatment for cyclic 
breast pain. Otherwise, BBD is of no medical significance and 
needs no specific follow-up. 

The authors compared the prevalence of various risk factors 
(age at diagnosis of BBD, family history, histologic type of BBD, 
eysts or calcification) in women who developed breast cancer 
with the prevalence of these risk factors in women who did not 
develop breast cancer. Although they do not report the actual 
prevalence of such risk factors in the two groups, there were no 
significant differences between the groups, leading the authors 
to the “surprising finding” that there is no association between 
development of breast cancer and age at diagnosis of BBD, family 
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Letters to the Editor 


history of breast cancer, or histologic type of BBD. Larger studies 
have shown that the relative risk for breast cancer is increased 
for women with a family history of breast cancer,** for women 
with benign lesions that show atypical hyperplasia, and that 
risk increases with increasing age.’ The finding of no association 
in the study by Ris et al. is due to the small sample size yielding 
inadequate power (i.e., comparing the prevalence of a risk factor 
in eleven women with cancer to the prevalence of that risk factor 
in 354 women without cancer). 


DEBORAH GRADY, M.D., M.P.H. 
San Francisco, California 
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August 2, 1988 
Dear Editor: 


We have read with interest the letter from Dr. Grady con- 
cerning our follow-up of patients with biopsy-proven benign 
breast disease (BBD). We agree with Dr. Grady that our findings 
concerning the pattern of management contradicts the estab- 
lished guidelines of follow-up on patients with biopsy-proven 
BBD. We also agree that our findings showing a lack of corre- 
lation between breast cancer development and histologic type 
of lesion, age at diagnosis of BBD, and family history of breast 
cancer contradict the findings of other reports. Finally, we agree 
with Dr. Grady that caution in the interpretation of our findings 
is indicated because of the somewhat limited cohort size of 365 
patients, as we ourselves pointed out in our report. However 
some of Dr. Grady’s expressed concerns deserve a brief discus- 
sion. 

The accuracy—that is, the sensitivity and specificity of mam- 
mography as a screening tool—has not been discussed in this 
report simply because mammography was not used by the med- 
ical practioners as a screening tool in our studied population 
during the observed follow-up period. Our data clearly show 
that, regardless of the histologic feature, all patients were followed 
by clinical examination only in daily practice. Rather, mam- 
mography was used to clarify a suspect recurrence of BBD. The 
finding that there was no difference in tumor size and lymph 
node status in cancers detected by mammograms and those de- 
tected by clinical examination underscore our aforementioned 
conclusion and not that physical examination is as good as 
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mammography. Why mammography was not used as a screening 
tool in our population despite clear recommendations is open 
to question. It may be linked to the fact that the accuracy of 
mammography has not been reported to be uniformly excellent 
in patients with BBD. In numerous studies, sensitivity and spec- 
ificity have ranged in these patients from 31% to 91% and from 
51% to 98%, respectively. To use a method with such wide ranges 
of reported accuracy as a screening tool for all patients with 
BBD remains a question of philosophy. 

The lack of correlation between breast cancer development 
and a family history of breast cancer, increasing age, and a his- 
tologic lesion of atypical hyperplasia in our studied population 
was indeed an unexpected finding and may be due to the sample 
size. 

However, to the best of our knowledge, a similar prospective 
long-term follow-up of all patients with biopsy-proven BBD suf- 
ficiently large to yield sufficient statistical power has not yet been 
published. The recent, large, albeit retrospective study from Du- 
pont and Page, also cited by Dr. Grady, has convincingly shown 
however, that the majority of patients with biopsy-proven BBD 
are not at a substantial risk of breast cancer. Patients had an 
absolute risk virtually identical to the reference population and 
an excellent long-term prognosis. The exception was the few 
patients with histologic lesions similar or consistent with car- 
cinoma in situ (Black-Chabon Grade 4 atypia). These patients 
had a markedly increased cancer risk; in combination with hav- 
ing a family history of breast cancer, their risk was in the same 
range as that for women with carcinoma in situ. It is important 
to remember, however, that these Black-Chabon Grade 4 lesions 
are rare, accounting for some 3% of all benign biopsies in our 
report as well as that of others. A family history of breast cancer 
in patients without atypia did not substantially increase the can- 
cer risk in the report of Dupont and Page, and postmenopausal 
patients with nonproliferative lesions even had a reduced risk 
of cancer relative to women of a similar age from the general 
population. The question of correlations with breast cancer de- 
velopment in patients with biopsy-proven BBD is unanswered 
at this time. A large prospective long-term follow-up with mul- 
tivariate analyses of the obtained data is warranted. 

We agree with Dr. Grady that all women with BBD should 
perform monthly breast self-examination and, depending on age 
and other risk factors, receive yearly physical examinations by 
a physician. However, we would reserve yearly mammography 
for the few patients at high risk for breast cancer development— 
for example, patients with histologic features similar or consistent 
with carcinoma in situ. 


HANS-BEAT RIS, M.D. 
Burgdorf, Switzerland 


September 4, 1988 


Dear Editor: 


We have read with interest the paper of O’Leary et al. entitled 
“The Role of Feces, Necrotic Tissue, and Various Blocking 
Agents in the Prevention of Adhesions” in the June 1988 issue 


| of Annals of Surgery. 


In this study, 1800 IU of Superoxide Dismutase (SOD) per 


_ 250-300 g of rat administered 1 hour before the operation, and 


thereafter, once daily for 3 days, had little effect in the production 
of adhesions. In a recent study in our laboratory,' 15,000 IU/ 
kg body weight of SOD was administered intravenously via the 
jugular vein as bolus immediately before induction of ischemia 
in a rat model with a 30-minute period of complete ischemia of 
a part of ileum 10 cm proximally to the ileocecal valve and 4 
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cm in length. The completion of this ischemic period was fol- 
lowed by blood reflow induced by declamping the vessels. Ten 
days later in SOD group, a statistically significant decrease of 
incidence and degree of severity of adhesion formation versus 
control group was observed. 

SOD, as native enzyme, is cleared rapidly by the kidneys (T'2 
= 6 minutes).? Therefore we agree with the authors in that, with 
administration of the SOD 1 hour before the operation, the agent 
may have been substantially cleared by the peritoneal cavity 
before the time of the insult. The SOD dose of 1800 IU/250- 
300 g or 6000-7200 IU/kg is less than the half of the dose of 
this enzyme that is usually administered (15,000 IU/kg), whereas 
we know only of the intravenous administration and not the 
intraperitoneal administration. 

According to our experience, we believe that administration 
of SOD intravenously immediately before induction of ischemia 
and then once daily for 3 days will play a role in the production 
of adhesions, as in the model of the O’Leary et al. 

In our model,' catalase, dimethyl sulfoxide, and allopurinol 
had approximately the same beneficial effect as SOD in ischemia/ 
reperfusion—induced peritoneal adhesion formation. This sug- 
gests that oxygen-derived radicals may play an important patho- 
genetic role in peritoneal adhesion formation and that hydroxyl 
radical plays the main injurious role in the intestinal wall. 


EVANGELOS C. TSIMOYIANNIS, M.D. 
Ioannina, Greece 
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Dear Editor: 


We received Dr. Tsimoyiannis’ letter and read it with interest. 
I believe four points should be emphasized: 1) the dose of SOD 
is different, 2) the route of administration is different (intra- 
peritoneal vs. intravenous), 3) the timing of the administration 
of the drug is different, and 4) the injury is different. 

Several of these points should be expanded. Not only did we 
use half of the dose of SOD that Dr. Tsimoyiannis used, but 
often the effectiveness of this drug differs from preparation to 
preparation. The impact of the route of administration and the 
renal clearance are clearly pointed out in Dr. Tsimoyiannis’ 
letter. 

In his model, ischemia is followed by reperfusion. It is during 
the phase of reperfusion that the largest quantity of oxygen and 
hydrox! radicals are produced. When reperfusion does not occur, 
the amount of free radical production is substantially less. 

Because the models differ so significantly, it is not surprising 
that the results would also differ. In this paper, we did not test 
the effect of SOD against the injury caused by reperfusion. Dr. 
Tsimoyiannis’ results are enticing. Although the superoxide and 
superhydroxide radicals may be playing a role in the adhesion 
formation produced by infection, we did not demonstrate a pro- 
tective effect within the conditions of our experiment. Therefore, 
we cannot extrapolate our results beyond these limits. 


J. PATRICK O’LEARY, M.D. 
Dallas, Texas 
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FIG. 1. Choledochal cyst with coexisting dilation of the left major hepatic 
duct. The choledochal cyst has been excised at the liver hilus. One blade 
of the scissors is placed inside the opened left hepatic duct. Completion 
of the incision opens the coexisting cystic dilation and provides for a 
capacious anastomosis. A lateral extension of the incision into the wall 
of the right main hepatic duct also will be done. Areas of stenosis between 
the common hepatic duct and major intrahepatic ducts may be similarly 
dealt with. (Used by permission).' 


July 21, 1988 
Dear Editor: 


The current recommendation for surgical treatment of cho- 
ledochal cyst is total excision of the cyst. Biliary drainage is 
provided by choledochoenterostomy. Despite adherence to these 
principals, Todani et al. (in their article “Reoperation for Con- 
genital Choledochal Cyst” in the February 1988 issue of Annals 
of Surgery) report that nine of 73 patients (12%) who had cyst 
excision required reoperation because of anastomotic stricture. 
Two factors contributed to this relatively high morbidity, the 
presence of coexisting biliary malformations and the technique 
of the bilioenteric anastomosis. 

The authors address both factors. Specifically, excision of the 
cyst is performed at the liver hilus. The incision is then extended 
laterally into both main hepatic ducts, providing for a capacious 
bilioenteric anastomosis. The technique is almost identical to 
that which we advocated in 1979 in children (Fig. 1).' It should 
be emphasized that incisions into the major hepatic ducts are 
simplified with the common hepatic duct open and with its bi- 
furcation in direct view. 

We believe that Todani and colleagues have further refined 
the operative treatment of choledochal cyst and concur that sur- 
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gical enlargement of the hepatic duct after cyst excision should 
be a routine part of treatment of this malformation. 


CARLOS BRANDT, M.CH., PH.D. 
JOHN R. LILLY, M.D. 
Denver, Colorado 
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September 7, 1988 
Dear Editor: 


I totally agree with Drs. Lilly and Brandt. 

In biliary reconstruction after cyst excision, the capacious 
anastomosis is imperative to prevent ascending cholangitis and 
can be created by an adequate incision extended along the lateral 
wall of both the hepatic ducts.'* This procedure is a synonym 
for intrahepatic cystoenterostomy’” or hepaticoenterostomy at 
the hepatic hilum,’ not distal to the hilum, and is absolutely 
necessary in all patients with intrahepatic involvement. A wide 
stoma cannot be produced in an anastomosis between the com- 
mon hepatic duct and the intestine because the common hepatic 
duct is relatively small and commonly has a denuded mucosa 
with marked fibrosis that results in a stricture. 

Hepaticoenterostomy at the hilum after excision of the whole 
extrahepatic duct is technically easier than has been previously 
believed. The hepatic ducts at the hilum are fixed with liver 
parenchyma and receive a rich blood supply from the hilum. 
Accordingly, a running suture with absorbable material can be 
made without reduction in anastomotic size, and an anastomotic 
leakage is more seldom seen than that in the hepaticoenterostomy 
below the hilum. 

Moreover, an end-to-end anastomosis at the hilum should be 
recommended in association with plasty of both the hepatic ducts 
to fit with the jejunal stoma in the Roux-en-Y procedure, whereas 
an end-to-side anastomosis is possibly unsuitable because it is 
usually performed to adapt the size of the common hepatic duct, 
and is also prone to develop a blind pouch. 


TAKUJI TODANI, M.D. 
Kagawa, Japan 


References 


1. Lilly JR. Surgery of coexisting biliary malformations in choledochal 
cyst. J Pediatr Surg 1979; 14:643-647. 

2. Todani T, Watanabe Y, Mizuguchi T, et al. Hepaticoduodenostomy 
at the hepatic hilum after excision of choledochal cyst. Am J Surg 
1981; 142:584-587. 

3. Todani T, Watanabe Y, Narusue M, et al. Congenital bile duct cysts. 
Am J Surg 1977; 134:263-269. 

4. Todani T, Narusue M, Watanabe Y, et al. Management of congenital 
choledochal cyst with intrahepatic involvement. Ann Surg 1978; 
187:272-280. 





Notice to Contributors and Subscribers 


ANNALS OF SURGERY is a monthly journal which considers 
for publication original articles in the field of surgery. It is the 
oldest continuously published journal in the English language 
solely devoted to the surgical sciences. The Editorial Board con- 
siders only papers judged to offer significant contributions to 
the advancement of surgical knowledge. 

CONTRIBUTIONS. Four typed copies of the manuscript and 
four copies of the illustrations should be sent prepaid to the 
Chairman of the Editorial Board of Annals of Surgery. 


David C. Sabiston, Jr., M.D. 
Annals of Surgery 
Department of Surgery 
Duke University Medical Center 
Durham, North Carolina 27710 


Annals of Surgery has joined a number of other leading Med- 
ical Journals which endorse the “Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals.” These Re- 
quirements were established by an agreement among a number 
of Editors of Clinical Journals in the United States, Canada and 
the United Kingdom. The Criteria for preparation of manuscripts 
are as follows: 


SUMMARY OF REQUIREMENTS 


Type manuscript double spaced, including title page, abstract, 
text, acknowledgments, references, tables, and legends. 

Each manuscript component should begin on a new page, 
in this sequence: 

Title page 

Abstract and key words 

Text 

Acknowledgments 

References 

Tables: each table, complete with title and footnotes, on a 

separate page 

Legends for illustrations 

Illustrations must be good quality, unmounted glossy prints 
usually 12.7 by 17.3 cm (5 by 7 in.) but no larger than 20.3 by 
25.4 cm (8 by 10 in.). 

Submit the required number of copies of manuscript and 
figures (see journal’s instructions) in heavy-paper envelope. 
Submitted manuscript should be accompanied by covering letter, 
as described under “Submission of Manuscripts,” and permis- 
sions to reproduce previously published materials or to use il- 
lustrations that may identify subjects. 

Follow journal’s instructions for transfer of copyright. 

Authors should keep copies of everything submitted. 


PREPARATION OF MANUSCRIPT 


Type manuscript on white bond paper, 20.3 by 26.7 cm or 
21.6 by 27.9 cm (8 by 10% in. or 82 by 11 in.) or ISO A4 (212 
by 297 mm) with margins of at least 2.5 cm (1 in.). Use double 
spacing throughout, including title page, abstract, text, acknowl- 
edgments, references, tables, and legends for illustrations. Begin 
each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, in- 


dividual tables, and legends. Number pages consecutively, be- 
ginning with the title page. Type the page number in the upper 
right-hand corner of each page. 

Manuscripts will be reviewed for possible publication with 
the understanding that they are being submitted to one journal 
at a time and have not been published, simultaneously submitted, 
or already accepted for publication elsewhere. This does not 
preclude consideration of a manuscript that has been rejected 
by another journal or of a complete report that follows publi- 
cation of preliminary findings elsewhere, usually in the form of 
an abstract. Copies of any possibly duplicative published material 
should be submitted with the manuscript that is being sent for 
consideration. 


TITLE PAGE 

The title page should contain [1] the title of the article, which 
should be concise but informative; [2] a short running head or 
footline of no more than 40 characters (count letters and spaces) 
placed at the foot of the title page and identified; [3] first name, 
middle initial, and last name of each author, with highest ac- 
ademic degree(s); [4] name of department(s) and institution(s) 
to which the work should be attributed; [5] disclaimers, if any; 
[6] name and address of author responsible for correspondence 
about the manuscript; [7] name and address of author to whom 
requests for reprints should be addressed, or statement that 
reprints will not be available from the author; [8] the source(s) 
of support in the form of grants, equipment, drugs, or all of 
these. 


ABSTRACT AND KEY WORDS 

The second page should carry an abstract of not more than 
150 words. The abstract should state the purposes of the study 
or investigation, basic procedures (study subjects or experimental 
animals and observational and analytic methods), main findings 
(give specific data and their statistical significance, if possible), 
and the principal conclusions. Emphasize new and important 
aspects of the study or observations. Use only approved abbre- 
viations (see list of Commonly Used Approved Abbreviations 
elsewhere in this document). 

Key (indexing) terms: Below the abstract, provide and identify 
as such, three to 10 key words or short phrases that will assist 
indexers in cross-indexing your article and that may be published 
with the abstract. Use terms from the Medical Subject Headings 
list from Jndex Medicus whenever possible. 


TEXT 

The text of observational and experimental articles is usually— 
but not necessarily—divided into sections with the headings 
Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their ċon- 
tent, especially the Results and Discussion sections. Other types 
of articles such as case reports, reviews, and editorials are likely 
to need other formats, and authors should consult individual 
journals for further guidance. 

Introduction: Clearly state the purpose of the article. Sum- 
marize the rationale for the study or observation. Give only 
strictly pertinent references, and do not review the subject ex- 
tensively. 





CHAIRMAN 
DEPARTMENT OF SURGERY 


A 271 bed community hospital, located in a residential 
area of South Philadelphia, has a position available for 
Chairman of the Department of Surgery. We are a 
preferred affiliate of one of the major teaching institutions 
in Philadelphia, with residents on rotation in Medicine, 
Surgery, Obstetrics and Gynecology, ENT and Emergency 
Medicine. 

Located in close proximity to the Sports Complex, 
Philadelphia International Airport, major bridges and the 
interstate highway system, the Emergency Room is active 
in treating trauma and admits 60% of those patients to the 
Hospital. 


Six newly constructed operating rooms provide the 
physicians with adequate space to perform in excess of 
6000 surgical procedures per year. A very active Obstet- 
rics Service delivers over 1700 babies per year. 


Interested individuals should forward their CV to: 


Box ANN4A 
J.B. Lippincott Company 
East Washington Square 
Philadelphia, PA 19105 
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Colyte 
PEG-3350 AND ELECTROLYTES FOR ORAL SOLUTION 
For Gastrointestinal Lavage 


INDICATIONS AND USAGE: COLYTE® is indicated for bowel 
Cleansing prior to colonoscopy or barium enema X-ray examina- 
tion. 


CONTRAINDICATIONS: COLYTE® is contraindicated in patients 
with ileus, gastric retention, gastrointestinal obstruction, bowel 
perforation, toxic colitis and toxic megacolon. 


WARNINGS: No additional cL pre e.g. flavoring, should be 
added to the solution. COLYTE® should be used with caution in 
patients with severe ulcerative colitis. 


PRECAUTIONS: General: Patients with impaired gag reflex, 
unconscious or semiconscious patients and patients prone to re- 
gurgitation or aspiration should be observed during the adminis- 
tration of COLYTE® especially if it is administered via nasogastric 


i gastrointestinal obstruction or perforation is suspected 
appropriate studies should be performed to rule out these con- 
ditions before administration of COLYTE®. 


Drug Interactions: Oral medication administered within one 
hour of the start of administration of COLYTE® may be flushed from 
the gastrointestinal tract and not absorbed. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: 
Studies to evaluate carcinogenic or mutagenic potential or poten- 
tial to adversely affect male or female infertility have not been per- 
formed 


Pregnancy: Category C. Animal reproduction studies have 
not been conducted with COLYTE® and it is not known whether 
COLYTE® can affect reproductive capacity or harm the fetus when 
administered to a pregnant patient. COLYTE® should be given to a 
pregnant patient only if clearly needed. 


Pediatric Use: Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS: Nausea, abdominal fullness and bloating 
are the most frequent adverse reactions, occurring in up to 50% of 
patients. Abdominal cramps, vomiting and anal irritation occur 
less frequently. These adverse reactions are transient. Isolated 
cases of urticaria, rhinorrhea and dermatitis have been reported 
which may represent allergic reactions. 


HOW SUPPLIED: In powdered form, for oral administration as a 
solution. Each disposable 4 liter jug contains the following: 
4 liter, (NDC 0021-4401-23): polyethylene glycol 3350 
240 g, sodium chloride 5.84 g, potassium chloride 2.98 g, 
sodium bicarbonate 6.72 g, sodium sulfate 22.72 g. 
Also available as five separately packaged components to prepare 
one gallon of solution for oral administration: 
One gallon, (NDC 0021-0001-02): polyethylene glycol 
3350 227.1 g, sodium chloride 5.53 g, potassium chloride 
2.82 g, sodium bicarbonate 6.36 g, sodium sulfate 21.5 g. 


CAUTION: Federal law prohibits dispensing without a 
prescription. 


KEEP RECONSTITUTED SOLUTION REFRIGERATED. USE WITHIN 
48 HOURS. DISCARD UNUSED PORTION. 


Please see package insert for full prescribing information. 


DISTRIBUTED BY 
REED & CARNRICK 
Piscataway, NJ 08855-1328 June 1987 
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-Aclear choice 
for a cleaner bowel 


Preferred by physicians and patients 
over traditional methods* 


Electrolyte lavage results in superior bowel cleansing" causes less 
abdominal distress and takes only 4 hours vs 2 to 3 days. No wonder 
COLYTE is preferred over traditional methods of bowel preparation for 
GI procedures. 


Because it is the most economical PEG lavage available... and offers 
unsurpassed efficacy for a cleaner bowel...COLYTE is the logical 
choice when bowel preparation is required. 
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CEFOTAN... 


(cefotetan disodium | 


In intra-abdominal and gynecologic infection 
due to indicated organisms 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 
Urinary tract infections caused by F coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 
Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
oor ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 

kin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis," Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 
Gynecologic infections caused by Staphylococcus aureust (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,t and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species’). 
intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniaet), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 
Bone and joint infections caused by Staphylococcus aureus.t 
“NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 
t Efficacy for this organism in this organ system was studied in fewer than ten infections. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
rl A contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous et reactions to cefotetan disodium, cephalosporins, 
penicillins, or other g a is product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require p ryen pe and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipo! resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 

INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
koron of alcoholic beverages following the administration of CEFOTAN. 

DRUG INTERACTIONS: lf CEFOTAN and an aminoglycoside are used concomitantly, renal function should 
be carefully monitored, especially if higher dosages of the aminoglycoside are to be administered or if 
therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycoside antibi- 
otics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible 
that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 

with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
creatinine reported. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of ponibets rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 


CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approx 2-4 times the usual human dose), only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. Similar lesions have been observed in 
experiments of comparable design with other methylthiotetrazole-containing antibiotics and impaired 
fertility has been reported, particularly at high dose levels. No testicular effects were observed in 
7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs (3 weeks old) that 
received up to 300 mg/kg/day IV for 5 weeks. The relevance of these findings to humans is unknown. 
USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 

and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this chi should be used during pregnancy only if clearly needed. 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal symptoms occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 80) 
and nausea (1 in 700). 

Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 

(1 in 200), positive direct Coombs’ test (1 in 250), and thrombocytosis (1 in 300). 

Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700). 

Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500). 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6° grams 3 g every 12 hours IV 


“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 


WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 


mL/min Dose Frequency 
>30 Usual Recommended Dose* Every 12 hours 
10-30 Usual Recommended Dose* Every 24 hours 
<10 Usual Recommended Dose* Every 48 hours 


*Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 9 dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. The vials 
should not be stored at temperatures above 22°C and should be protected from light. 

1 g in 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21). 
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Long after your personal copies of 
ANNALS OF SURGERY have been read, 
shared with your office staff, used up and 
worn out, you can have instant access to 
the unique and valuable information in 
back issues of this distinguished journal by 


ordering bound volumes. 

Your bound volumes give you a permanent and 
comprehensive reference for changes and 
advances in your specialty—a source that will 
grow and increase in usefulness over the years. 
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= no advertising—only professional, clinically But we must tell our printer how many we need, 
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a handsome, durable bindings in maroon advantage of this bound volume offer. 
buckram, with the journal name, year, and Order your 1988 volumes today. They will be on 


volume number imprinted in gold on the spine their way to you shortly after the publication of 
No need to return your personal copies to us, or the final volume issue. 





Yes! Please send me the 1988 bound volumes of Annals of Surgery 
(65-98039/65-99047) for $54.00 U.S. ($64.00 elsewhere). 
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Fractional Change in Blood Volume Following 
Normal Saline Infusion in High-Risk Patients 


Before Noncardiac Surgery 





Patients with multiple-system disease were considered to be at 
high-risk to develop cardiac complications when undergoing an 


‘elective noncardiac surgical procedure. Their operative risk was 


prospectively assessed by a protocol that included recording the 
presence of established clinical risk factors and measuring the 
hemodynamic response to an intravenous infusion of up to 2 L 
of normal saline given over a two-hour period. The day prior to 
their operations, 126 patients were admitted to the Surgical In- 
tensive Care Unit, where pulmonary artery catheters were in- 
serted without serious complications. One hundred and eleven 
patients tolerated the entire 2-L infusion. The hemoglobin con- 
centration of blood was measured before and after the infusion. 
The fractional change in blood volume (BV after/BV before) 
calculated with the hemoglobin data was 1.06 + 0.06 (mean 
+ SD). A multivarient discriminant analysis showed that the 
fractional change in blood volume was a covariant with a higher 
correlation rank than the hemodynamic data in identifying pa- 
tients at risk for an adverse outcome. 


N ACCURATE PREOPERATIVE PREDICTION of the 
probability for an adverse outcome in patients 
undergoing major elective surgery would be 
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valuable in certain patients. If surgeons could identify 
high-risk patients, they could be more carefully prepared 
using invasive hemodynamic monitoring and organ-sys- 
tem assessments. The surgeon could elect to modify the 
procedure in some high-risk patients or even cancel the 
procedure when the preoperative risk assessment data in- 
dicated a probability of an adverse outcome outweighing 
expected benefits. Methods for postoperatively categoriz- 
ing high-risk patients before operation need to be refined. 
Previous studies have used clinical characteristics such as 
age, medical history, physical examination findings, and 
laboratory assessment to predict postoperative morbidity 
and mortality.'~ Improved risk assessment has been 
achieved when outcome prediction is based on measure- 
ment of physiologic reserve. Gerson and associates re- 
ported that a predictor of perioperative cardiac compli- 
cations was the patient’s inability to do two minutes of 
bicycle exercise in the supine position.* Success with pre- 
diction of outcome has been achieved with physiologic 
or cardiac risk scores. These single number scores are a 
summation of preoperative variables that are intended to 
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measure the severity of the patients’ coexistent diseases.” 
Measurement of the cardiovascular responses to an in- 
travascular volume challenge produced by the infusion 
of fluid has also been used to identify optimal cardiac 
filling pressures, which are then used as prescribed phys- 
iologic goals for fluid replacement during perioperative 
and postoperative therapy.” '? Precise methods by which 
physiologic responses to volume loading can be measured, 
interpreted, and used for determining probability of an 
adverse outcome is still not completely defined or under- 
stood. 

The purpose of the present study was to prospectively 
determine the presence of preoperative risk factors, the 
Goldman Cardiac Risk Index, and the APACHE II phvs- 
iologic scores in a group of patients undergoing major 
noncardiac elective surgery. A standardized protocol of 
intravenous infusions of normal saline were used to 
achieve intravascular volume expansion and rehydration 
and the hemodynamic responses to these infusions were 
determined using invasive cardiovascular monitoring 
techniques. Our specific goal was to analyze whether the 
calculated fractional change in blood volume produced 
by this intravenous saline loading provided additional 
discriminant information for the prediction of a good ver- 
sus adverse outcome after surgery. 


Patients and Methods 


For 26 months, from September 1986 through October 
1988, patients judged by their surgeon because of coex- 
istent disease to be at increased risk for major elective 
noncardiac surgery were admitted to the Surgical Intensive 
Care Unit of the Veterans Administration Medical Center 
the day before their scheduled operations. The patients’ 
weights and heights were recorded for determination of 
body surface area (BSA, m°). Then they underwent in- 
sertion of a flow-directed pulmonary artery cardiac output 
catheter and proper catheter location was confirmed by 
a chest roentgenogram. Systemic arterial pressures were 
recorded either in the cannulated radial artery or in the 
upper arm with an automated blood pressure cuff. The 
zero-pressure reference point for the pulmonary artery 
pressures was selected by the nurse as the midaxillary line 
in the supine position. Central venous pressure (CVP) 
was measured in the proximal port of the catheter, and 
pulmonary artery systolic (PAS) and diastolic pressures 
(PAD) were recorded in the distal port of the catheter. 
The pulmonary capillary wedge pressures (PCWP) were 
recorded after observing the characteristic dampening of 
the pulmonary artery wave pattern on the monitor. The 
pulmonary artery catheters were subsequently used to 
measure cardiac output (CO) by the thermodilution tech- 
nique.!! Three to five cardiac output determinations were 
made at each study point and an average of the three 
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values was calculated and used as the value for each mea- 
surement. 

Each patient received an intravenous infusion of nor- 
mail saline according to a standardized protocol. Hemo- 
dynamic parameters were recorded by the nursing staff 
on a protocol flow sheet. Baseline hemodynamic param- 
eters were initially obtained and if the patient had a PCWP 
greater than 20 mmHg, no saline load was administered 
or the patient was given only two serial 250 ml boluses 
of fluid. In the absence of this one contraindication, the 
patient received 500 ml of 0.9% sodium chloride (normal 
saline) over 30 minutes and repeat hemodynamic param- 
eters were obtained. The 500 ml normal saline boluses 
with postinfusion measurements were continued consec- 
utively until either the patient had received 2000 ml total 
volume over a two-hour period, increase in PCWP of 
greater than 10 mmHg was noted, or a PCWP greater 
than 25 mmHg was achieved. The goal of this protocol 
was to obtain a series of four points on a Frank-Starling 
myocardial performance curve for each patient.®!®'* 

The measured hemodynamic data were converted into 
cardiac performance variables using the following for- 
mulas: 


mean pressure = Diastolic + (systolic-diastolic)/3 
CI (L/min X m*) = CO/BSA 
SVI (L/m?) = CO/(HR) x (BSA) 
LVSWI (g X m/m?) = 
(SVI) X (MAP — PCWP) X (0.0136) 


where CI and CO is cardiac index and cardiac output; 
HR is heart rate in beats/min; SVI is stroke volume index; 
LVSWILis left ventricular stroke work index; MAP is mean 
aortic pressure; and PAP is mean pulmonary artery pres- 
sure. 

Before beginning the normal saline infusions, each pa- 
tient had blood-gas measurements made on a specimen ` 
obtained from a systemic peripheral artery, and blood 
was slowly aspirated from the distal port of the nonwedged 
pulmonary artery catheter. These blood-gas measure- 
ments were again repeated after completion of the infu- 
sion. Peripheral blood and serum samples were collected 
before and after infusion for determination of hemoglobin, 
hematocrit, total protein, and albumin in the hospital’s 
clinical laboratory. The number of erythrocytes per ml? 
were enumerated with the ELT-8/ds (Ortho Instruments, 
Braintree, MA) automated hematology cell analyzer. This 
blood analyzer also determined the mean red-cell volume 
size and calculated the hematocrit. The hemoglobin was 
determined by colorimetric methods using a cyanme- 
themoglobin reaction. The total protein in serum was 
measured using a biuret reaction, and albumin was mea- 
sured with a bromosol green colorometric reaction. 
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The fractional change in blood volume (FRBY) from 
before infusion (BV®) to after infusion (BV“) was deter- 
mined using the assumption that there was conservation 
of the mass of intravascular hemoglobin, and that there 
. was no change in the total intravascular erythrocyte vol- 
ume.'? This assumption was expressed as: HGB* x BV“ 
= HGB? x BV”; and the change in blood volume deter- 
mined by: FRBV = BV4/BV® = HGB®/HGB*. In this 
equation, HGB® is the preinfusion hemoglobin concen- 
tration and HGB* is the concentration of hemoglobin 
after the infusion 1s completed. The fractional change in 
blood volume during the saline infusion was also deter- 


mined by this expression: FRBV = HCT®/HCT“ where — 


HCT? and HCT^ are the measured hematocrits before 
and after the infusion. The per cent change in blood vol- 
ume was then calculated using the following equation: 
BV% = (BV4/BV® — 1) X 100. 

The calculation of the fractional plasma volume change 
using the changes in plasma albumin concentrations 
(ALB? to ALB*) and total protein concentrations (TP® 
to TP“) were determined using the following equations: 
(TP*) X PV“ = TP® x PV? and ALB* x PV“ = ALB? 
x PVP, 

The ratios of plasma volume expansion (PV^/PV®) were 
then converted to FRBV using the hematrocrit data by 
this formula: 


Pv“ x (100 — HCT“y/Pv® . 
X (100 — HCT®) = BV^/BV3 


Before operation each patient’s medical record was re- 
viewed and the patient was interviewed to determine other 
potential risk categories for operation. The presence of 
coexistent diseases was recorded based on specific criteria 
for each major organ system. Cardiac disease was present 
if the patient had angina, an arrythmia requiring medi- 
cation for control, a previously documented myocardial 
infarction, a coronary artery bypass graft, or had a history 
of congestive heart failure requiring digoxin and diuretics 
for treatment. Hypertension was defined as a condition 
that required daily treatment with antihypertensive med- 
ications. Infection was present if the patient had an ex- 
isting culture-positive invasive inflammatory process that 
required systemic antibiotic therapy. The presence of pul- 
monary disease meant the patient reported sufficient dys- 
pnea to limit daily activity or was taking bronchodilator 
medications. Only patients taking daily insulin for glucose 
control were designated as having diabetes mellitus. Pa- 
tients were considered to have significant weight loss if 
more than 10% of their bodyweight had been lost in the 
previous 6 months. The existence of cancer meant that 
the patient had a biopsy-proven malignant tumor that is 
accepted by common standards as life-threatening. The 
presence of vascular disease meant that the patient had 
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ischemia or tissue loss that required a bypass or recon- 
structive procedure to control. Renal disease as a preop- 
erative condition was excluded as a variable because no 
patient was entered into the study if the serum creatinine 
was greater than 2.5 mg/dl. An APACHE II score was 
determined for each patient using the criteria outlined by 
Knaus and coinvestigators.? All patients were also scored 
by the multifactoral index of cardiac risk for noncardiac 
surgical procedures developed by Goldman et al.* The 
factor defined by Goldman as “S3 gallop or jugular venous 
distention” was considered present if, during the preop- 
erative protocol, the pulmonary capillary wedge pressure 
exceeded 15 mmHg. The Goldman and APACHE II 
scores were both determined using preoperative criteria 
only. 

Following the operative procedure, each patient had 
his course reviewed to determine outcome. The operative 
procedure was listed, the length of time the patient was 
in the operating room was noted, and the amount of blood 
transfused in the first 24 hours during and following the 
procedure was measured. The occurrence of a major 
complication was noted according to specific criteria. An 
intensive care admission for more than four days was 
considered a complication, as was the development of a 
culture-proven invasive infection that required a thera- 
peutic course of systemic antibiotics. A cardiovascular 
complication was defined as a new myocardial infarction 
documented by electrocardiogram and elevated cardiac 
enzymes, a new arrythmia requiring treatment, congestive 
failure requiring therapeutic intervention, or the occur- 
rence of a pulmonary embolus documented by angiog- 
raphy. Respiratory failure was defined as the need for 
ventilatory support for five or more days. Renal failure 
was recorded as a complication if there was a doubling 
of the baseline preoperative creatinine, while liver failure 
was defined as a serum biliruben greater than 5 mg per 
cent along with a concomitant doubling of the liver en- 
zyme profile. Finally, a metabolic complication occurred 
if there was a persistent acidosis with a base deficit greater 
than ten. Finally, all deaths that occurred during the cur- 
rent hospitalization were noted and each was reviewed to 
determine a primary cause. 

Data is presented as means + standard deviation. Tests 
of statistical significance were carried out with an Analysis 
of Variance (ANOVA) for continuous variables and when 
the F-test was significant, comparisons between specific 
outcome groups were done with unpaired t-tests using a 
modified t-value calculated according to the Bonferroni 
method. Comparisons between baseline and final data 
were done with a paired t-test. Chi-square tests with Yates 
correction were used for comparisons of discreet variables 
with outcome. A discriminant analysis was performed 
with a SPSS-Y statistical package using multiple selected 
variables. An iterative technique was applied to eliminate 
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TABLE I. Major Complications in 120 Patients Taken 
to the Operating Room 


Complication 


Patients Incidence 

Prolonged ICU Admission 31 26% 
Cardiovascular 18 15% 
Respiratory Failure 18 15% 
Invasive Infection 16 13% 
Renal Failure 7 6% 
Metabolic Derangements 4 3% 
Liver Failure ~ 2 2% 

Total Complications (96) _34 28% 


variables that did not significantly add to the discriminant 
analysis. 


Results 


One hundred twenty-nine patients were enlisted for 
study and admitted to the Surgical Intensive Care Unit 
24 hours before they were scheduled for an elective non- 
cardiac general surgical procedure. All were initially con- 
sidered candidates for the saline-load protocol. Two of 
these patients had an incomplete data collection because 
of equipment problems and they are not included in the 
results. Both did well following their operations. One 69- 
year-old patient had an initial wedge pressure of 29 
mmHg, and thus did not receive intravenous saline but 
rather was given an intravenous inotropic agent digoxin 
and diuretics. He subsequently underwent an abdominal 
perineal resection for rectal cancer, developed multiple- 
organ system failure, and died four months later, never 
having been weaned from the ventilator. The remaining 
126 patients were given saline infusions and are reported 
in these results. Because of the Veterans Admmnistration’s 
population base, there were 124 male and two female 
participants with an average age of 65 years (range 42 to 
84 years). 

One hundred and twenty patients underwent a major 
surgical procedure following saline infusion. There were 
a total of 61 vascular procedures with nine carotid endar- 
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terectomies, 38 procedures on the abdominal aorta, and 
14 peripheral vascular bypass grafts. Of the 53 patients 
undergoing gastrointestinal surgery through a laparotomy, 


- 9 patients had procedures on the upper gastrointestinal 


tract, 26 underwent a colon resection, and 18 had a biliary 
or pancreatic procedure. Two patients underwent a tho- 
racotomy for esophageal disease, while four patients had 
miscellaneous operations. 

The outcome of the patients was divided into four cat- 
egories. Eighty-six patients did not experience serious 
morbidity during their postoperative course and were dis- 
charged to their homes in a timely fashion. They were 
categorized as having a good outcome. Twenty-four pa- 
tients survived but were categorized as having sustained 
a significant life-threatening complication (Table 1). Ten 
patients did not survive the hospitalization (Table 2). 
Those patients who had an adverse outcome experienced 
almost three categories of complications. Six patients had 
their surgical procedures canceled after receiving the saline 
infusion protocol. The reasons in four of these instances 
of cancellation of the operative procedure included an 
assessment by the attending surgeon that the patient was 
at high-risk based on data gathered during the saline in- 
fusion. One patient was canceled because he developed 
fever and a productive cough the night of the protocol, 
while the last cancellation was in a patient who refused 
surgery the morning of his operation. Careful analysis of 
the conduct of the operation in six patients revealed that 
technical factors contributed to the adverse outcome. 
Specifically, three of the patients who died and three of 
the patients who had postoperative complications were 
considered to have had been affected, at least in part, by 
technical problems. . | 

The number of patients in each outcome category are 
presented in Table 3 by preoperative assessment. They 
met the criteria for being included—they each had a coex- 
istent-disease variable. Two preoperative variables that 
were associated with the likelihood of the patient expe- 
riencing an adverse outcome were the existence of infec- 
tion (p = 0.006) or the presence of cancer (p = 0.012). 


TABLE 2. Mortality in 120 Patients Taken to the Operating Room 


Goldman Morbid 

Patients Age Score Conditions Procedure Cause of Death 
OB 79 8/II 4 Aortic Bypass Renal Failure 
RK 66 21 4 Biliary Bypass Infection 
OH 82 26/IV 6 Biliary Resection . Respiratory Failure 
KL 69 28/IV 3 Colon Resection Respiratory Failure 
JP 77 19/IH 4 Colon Resection Infection 
RN 75 8/Il 3 Aortic Graft Renal Failure 
JS 64 17/TII 5 Aortic Bypass Renal Failure 
WD 62 14/III 4 Aortic Bypass Myocardial Infarction 
LO 64 14/1 2 Colon Resection Respiratory Failure 
WC 77 19/10 4 Gastric Resection Infection 

Average 71.5 17.4/IN 3. 
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TABLE 3. Frequency of Preoperative Morbid Conditions as a Function 
of Outcome in Patients Taken to Surgery 


Total Patients = 120 


Alive Alive 
Good Complicated Dead 
Condition Number 86 24 10 

Infection* It 4 3 4 (36%) 
Diabetes 14 10 I 3 (21%) 
Cancer* 29 15 9 5 (17%) 
Hypertensive 45 34 4 7 (16%) 
Pulmonary 36 22 9 5 (14%) 
Cardiac 76 52 16 8 (11%) 
Weight Loss 31 19 10 2 (7%) 
Vascular 71 53 13 5 (6%) 


* Indicates a morbid condition, the presence of which was associated 
with a significantly greater frequency of adverse outcome (CHI square). 

The percentages on the right are calculated by dividing the number 
of patierits who died by the number of patients with the condition. 


Ofthe 120 patients who went to the operating room, only 
three patients had no preoperative risk factors. Nineteen 
patients were listed as having 1 risk variable, while 40 
patients had 2, 30 patients had 3, 23 patients had 4, 4 
patients had 5, and 2 patients had 6 coexistent risk vari- 
ables noted during the preoperative assessment. Those 
patients who did well following the operation had an av- 
erage of 1.8 preoperative disease variables. Those patients 
who sustained at least one major complication had 2.6 
pre-existing variables, while those who died were noted 
to have 3.9 coexisting conditions. 

The mean perioperative data for each outcome category 
is presented in Table 4. Three factors were found to be 
associated with an adverse outcome and include age 
greater than 70 years (p = 0.008), a preoperative APACHE 
H score greater than 8 (p = 0.001), and a Goldman Cardiac 
Risk Index score greater than 13 (p = 0.004). On the other 
hand, the amount of blood given in the initial perioper- 
ative 24-hour period, the length of time the patient was 
in the operating suite, or the lowest mixed venous oxygen 
partial pressure recorded during the protocol were not 
different between the good- and bad- outcome patient 
groups. 

Of the 126 patients who underwent the saline infusion, 
4 tolerated only 500 cc, 6 were given one L, 5 were infused 
with 1500 cc, and the remaining 111 patients received 
the entire 2-L volume as prescribed by the protocol. The 
mean volume infused in units of L/m? (VOL%) were 0.99 
+ 0.22 (range, 0.21 to 1.35). The volume infusion resulted 
in a significant decrease in the mean value of the hemo- 
globin, hematocrit, total protein, and albumin as indicated 
in Table 5. The calculated fractional changes in blood 
volume (FRBY) using the hemoglobin dilutions were not 
significantly different from those calculated using the he- 
matocrit data. The correlation coefficient between the 
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TABLE 4. Demographic Data and Physiologic Scores as a Function 
of Outcome in Patients Taken to OR 


Alive Alive 

Data Good Complicated Dead 
Age 64+7 68 + 7* TEE” 
APACHE II TE? 8 + 3* 10 + 3* 
Goldman Score 1047 14 + 7* TEJ 
Transfusion (units) Ii 242 4+5 
Hrs in Operating Room . 522 647 G43 
Mixed Venous O, 3444 3444 33 +5 
FRBV 1.07 + .06 1.05 + .05 1.05 + .06 


Values are mean + SD. Transfusion is in units of blood given in a 24 
hour period which starts with the time of incision; *—significantly dif- 
ferent from Alive Good. 


FRBV using hemoglobin compared to that determined 
by hematocrit was R = .917. We will use the BV% and 
FRBV determined with hemoglobin in the analysis 
throughout the remainder of this paper. 

The fractional change in plasma volume predicted from 
the total protein data (1.12 + 0.08) was significantly less 
than the fractional change in plasma volume calculated 
by the albumin data (1.14 + 0.09). The correlation coef- 
ficient was R = 0.829 between the fractional change in 
plasma volume calculated using total protein compared 
to the fractional change calculated with albumin. The 
fractional change in blood volume calculated with the 
total protein and albumin concentrations predicted a 
greater mean fractional change in blood volume than was 
determined by the hemoglobin or hematocrit data as noted 
in Table 5. Correlation coefficients clustered around 0.30 
when comparing FRBV calculated using total protein or 
albumin to the FRBV calculated using hemoglobin or 
hematocrit. 

Of the 126 patients infused with saline, 111 had an 
FRBV greater than | (range, | to 1.23). Five of the 15 
patients who received less than 2 L of saline intravenously 
had an FRBV less than or equal to 1 compared to a fre- 
quency of 9% of FRBV less than or equal to 1 in patients 
who received the entire 2 L. 

Infusions of the saline load did produce significant 


TABLE 5, Mean Concentrations of Hemoglobin, Total Protein and 
Albumin, and Mean Hematocrits Before and After Saline Infusion 





Baseline Final BV% 
HGB 12.5 + 1.7 IET 1.7" 6 + 6% 
HCT 38.4 + 5.2 36.2 + 5.1* 6 + 5% 
TP 6.5207 5.8 + 0.5* 8 + 6%t 
ALB 3.4+0.5 3.0 + 0.5* 10 + 7%tt 





Mean + SD; Hemoglobin (HGB), Total Protein (TP), and Albumin 
(ALB) are in grams per deciliter (DL). 

* p s 0.001 different from baseline. 

Tp < 0.001 different from BV% by TP. 

p < 0.001 different from BYV% by HCT. 


656 MULLINS AND GARRISON 


TABLE 6. Hemodynamic Data Before and After Infusion 


of Saline Load 
Pre- Post- Paired 
infusion ` infusion t-test 
MAP mmHg 98 + 13 103 + 14 .001 
PCWP mmHg Hts IS+6 001 
CI (min X m°’) 3.3 40.9 3.5 + 0.8 . 002 
LVSWI [(g X m)/ 

m? X min] 53+ 17 56+ 17 034 
HR beats/min 76 + 15 77414 © NS 
CVP mmHg 74 9+4 .001 
PAD mmHg 13 +6 EF .001 


PAP mmHg 20+8 2448 001 


AS or mean + standard deviation; MAP is mean arterial pressure; WP 
is pulmonary capillary wedge pressure; CI is cardiac index; LVSWI is 
left ventricular stroke work index; HR is heart rate; CVP is central venous 
pressure; PAD is pulmonary artery diastolic pressure; PAP is mean pul- 
monary artery pressure. ` 


changes in the mean hemodynamic parameters outlined 
in Table 6. The parameter with the most consistent in- 
crease in response to the saline infusion was the pulmo- 
nary capillary wedge pressure. Of the 126 patients infused, 
107 had an increase in PCWP. Of these 107 patients, 67 
generated a corresponding increase in the cardiac index. 
Thus, only 53% of the 126 patients had an “upslope” 
myocardial response to the saline infusions. The average 
slope of this response in these 67 patients had a value of 
0.43 + 1:35 (1/minxm?)/mmHg. If an increase in wedge 
pressure that was associated with an increase in cardiac 
output is designated as an “upslope response,” then pa- 
tients who had a BV% increase of more than 7% were 
more likely to have an “upslope response” when com- 
pared to patients who had BV% of less than 7%. Thirty- 
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two per cent of the 126 patients infused had an increase 
in wedge pressure that was associated with either no 
change or an actual decrease in the cardiac index. If the 
“upslope” is determined as an increase in LVSWI with 
an increase in WP, then 63 patients had an “upslope” 
curve. 

While the final mean LVSWI, the final mean CI, and 
the final mean MAP and PAP were greater than the base- 
line mean values after the saline infusion, this response 
was not uniform for all patients; only 74%, 77%, 79%, 
and 87% of patients, respectively, had a final value greater 
than baseline. The FRBV did not correlate with the change 
from baseline to final value in any of the hemodynamic 
parameters listed in Table 7. 

The hemodynamic data were tested to determine which 
data could be related to a good outcome. As noted in 
Table 8, no baseline value or any change in that value 
after the intravenous infusion was identified as signifi- 
cantly different between a good or adverse outcome when 
subjected to Chi-square analysis. On the other hand, those 
patients with a calculated FRBV of greater than 1.06 were 
more likely to have a good outcome than those patients 
who had an FRBV of less than 1.06 (p = 0.047). 

Preoperative data were subjected to multivariant dis- 
criminant analysis to determine which variables would 
be listed in Table 8. In this analysis, patient outcome was 
divided into two categories. Patients who had an unevent- 
ful postoperative course were categorized as Alive-Good, 
while the patients who suffered a life-threatening com- 
plication or death were classified into an adverse-outcome 
category. Table 8 lists those variables in order of decreasing . 
importance in predicting outcome by discriminant anal- 


TABLE 7. Hemodynamic Data in Response to Saline Infusion in Patients Taken to Surgery 


Alive Complicated 


Alive Good 
Data Baseline Change Baseline 
MAP 99 + 13 4+ 12 94+ 12 
—24 to 39 
CI 3.2 + 0.8 0.3 + 0.7 3.5 + 1.1 
—2.8 to 1.9 
WP 11+5 324 9+4 
~—6 to 14 
LVSWI 53 + 16 3+ 14 53 + 20 
—34 to 40 
~ CVP 74 243 5+4 
—8 to 8 
- PAP 19+ 8 4+5 7+6 
~13 to 18 


Mean + SD; baseline data are before infusion; change is the mean of 


ysis. Five of the listed variables had mean values that were 


Change _ Baseline Change 
«6 13 104 + 16 6 + 18 
— 11 to 33 ~31 to 32 
0.1 + 0.6 3.2 + 0.9 0.2 + 0.6 
—].] to 12 —6 to 1.4 
l a 1425 5+7 
—6 to 16 —9 to 12 
2+11 51 +19 2+ 10 
—21 to 27 —11 to 17 
245 9+4 2+3 
od 107 —2 to 9 
746 25 +6 5+8 
—8 to 19 —3 to 21 


Final-Baseline; beneath Changes are the PERREN units and abbreviations 
the same as in Table 6. 
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significantly different between the good- and adverse-out- 
come groups. The fractional change in blood volume 
(FRBV) following saline infusion had a higher coefficient 
than any of the measured hemodynamic parameters. 
The ability to predict the outcome of a noncardiac sur- 
gical procedure in these high-risk patients using multi- 
variant discriminant analysis with the variables listed in 
Table 8 was 79%. The predictability was similar for both 
good and adverse outcomes. Of the 86 patients who did 
well following the operative procedure, 68 (79.1%) of them 
were correctly identified. Similarly, of the 34 patients who 
suffered an adverse outcome, the discriminant analysis 
function predicted the result correctly in 27 patients 
(79.4%). It is of interest that these predictive results were 
obtained by inclusion of the fractional blood-volume 
change. Without including fraction blood volume in the 
equation, 75% of the cases were correctly classified. 


Discussion 


In the present study, patient demographic criteria were 
useful in predicting the risk to the patient for a major 
noncardiac operation. The composite scores of both the 
Goldman and APACHE II risk indexes functioned well 
in identifying which patients were more likely to have an 
adverse outcome, thus confirming in a prospective group 
of patients what previous investigators have reported.”* 
Similarly, the association of cancer and advanced age with 
a poor prognosis in the present study is predictable. Al- 
though none of the current patients who were listed as 
infected were thought to have systemic sepsis, the high 
rates of morbidity and mortality in this group indicated 
that systemic toxicity may have existed and thus contrib- 
uted to the adverse outcome. 

The definition of an adverse outcome is problematic 
in the present series. It was easy to classify those patients 
who did well. However, a precise identification of the 
characteristics of a complication that made it lethal was 
difficult even though many of the serious complications 
that occurred in this series were life-threatening. Although 
the ultimate goal of a predictive index would be to identify 
the patient who would die, we decided for the purposes 
of our analysis that it was of greater practical benefit to 
predict serious complications, as well as death. Thus we 
combined these two groups of patients into the single cat- 
egory of adverse outcome. An additional consideration 
regarding outcome was that 6 of the patients within the 
adverse-outcome groups were judged to have technical 
difficulties associated with their operations that contrib- 
uted to the development of complications (3 patients) or 
death (3 patients). Inclusion of patients with technical 
problems in the adverse-outcome group may have added 
an additional confounding factor to our analysis. How- 
ever, because the individual patient’s physiological reserve 
influences his capacity to respond to stress, and because 
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TABLE 8. Preoperative Variables Used to Predict Outcome 
by Multivariant Discriminant Analysis 


Variable Correlation Coefficientt 
Goldman Score —0.521 —0.450 
APACHE II Score —0.492 —0,177 
Age —0.478 —0.141 
‘Cancer* 0.384 0.506 
Infection* 0.383 0.423 
FRBV i 0.259 0.425 
Pulmonary” 0.231 0.120 
Change PCWP —0.174 0.214 
Cardiac* 0.142 0.124 
Hypertension* —0.099 —0.119 
Baseline MAP 0.095 0.246 
Change SWI 0.075 0.214 
Baseline PCWP 0.064 0.317 
Mixed Venous O, 0.051 0.037 
Baseline SWI 0.042 0.129 
Baseline Total Protein —0.012 0,264 
Diabetes Mellitus* 0.002 —0.094 


Listed in order of decreasing importance in predicting outcome. 

* Dichotomous variables had a value of | if the condition was present 
and 2 if it was absent. The units for mixed venous O, were mmHg, total 
protein gr/di and the change in hemodynamic variables was calculated 
as final-baseline. 

t Standardized canonical discriminant function coefficients. 

As the dependent variable in the equation increases above 0, the equa- 
tion predicts a greater likelihood of an alive-good outcome. 


predictive analysis is only useful when it depends exclu- 
sively on preoperative data, we elected to include all pa- 
tients in the analysis who underwent a preoperative pro- 
tocol and then surgery without accounting for technical 
problems. . 
Not all of the patients enrolled in this study tolerated 
2000 ml of saline prescribed in the protocol to be given 
as a bolus over two hours. Although the inability to handle 
the 2-L saline infusion did not predict an adverse outcome, 
another purpose of the infusion was to expand the intra- 
vascular volume. Ten of the 15 patients who received less 
than 2000 ml were those with a final wedge pressure 
greater than 15 mmHg. Thus, in those patients blood vol- 
ume may have already been expanded prior to infusion. 
Although the average 6%-increase in blood volume is a 
modest increase, it is consistent with other studies of 
blood-volume expansion reported by fluid infusion. An 
alternative technique of volume loading has been reported ` 
by Doyle and associates'* that consisted of the infusion 
of 1000 ml of saline rapidly over ten minutes. These in- 
vestigators reported that this technique of infusion im- 
mediately expanded blood volume by 13%; however, the 
magnitude of this effect was only transient and within one 
hour the measured increase in blood volume had declined 
to 7.5%. Such a rapid infusion should be avoided in many 
of the high-risk patients who were included in this protocol 
because of risk of precipitously producing pulmonary 
edema. Previous investigators have described the con- 
struction of a ventricular performance curve using infu- 
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sions of albumin-containing fluids.?!° In these studies, 
patients were infused with 25g to 112g of albumin to 
achieve sequential increases in wedge pressure. While al- 
bumin solutions gave a more consistent acute increase in 
wedge pressure than the saline infusion accomplished in 
the present study, the authors of these early reports in- 
dicate that the hemodynamic parameters altered by the 
albumin infusion rapidly returned to baseline after the 
infusions.’ Because blood-volume changes were not mea- 
sured in those albumin experiments, 1t 1s unclear whether 
these adjustments toward baseline pressures corresponded 
to a redistribution outside the vascular compartment of 
the infused albumin or to homeostatic readjustments in 
factors that regulate vascular compliance. We conclude 
that in the present study intravenous infusion of saline 
using the protocol was an informative and safe method 
of achieving preoperative intravascular volume expansion 
without the risk of undue cardiovascular overload. 

The following calculation was made to determine what 
fraction of the infused saline volume was retained in the 
vascular space in the present study. The intravascular vol- 
ume for a man can be assumed to be 2.7 L/m”!® We used 
this assumed blood volume, the fractional change in blood 
volume that was measured, and the actual volume of sa- 
line infused (average 1 L/m7) to calculate that the patients 
retained on the average 18% of the infused fluid volume. 
It is not clear where the remainder of infused fluid was 
distributed. Some of the fluid was excreted during a post- 
infusion diuresis. Some was retained in the body after 
shifting into the interstitium, although none of the patients 


in this series developed symptomatic pulmonary.edema. © 


Fluid may have been transported into the lumen of the 
~ gastrointestinal tract. In an effort to avoid dehydration of 
` these patients with cathartics, patients underwent a bowel 
preparation when indicated the day before admission to 
the Intensive Care Unit by ingesting 4 L to 6 L of an 
isotonic bowel preparation fluid. 

Evidence in favor of a shift of infused fluid into the 


interstitium in the present study is the discrepancy be- | 


tween the fractional change in blood volume measured 
by hemoglobin and the blood-volume change measured 
using plasma proteins. There was a strong correlation be- 
tween the fractional change in blood volume measured 
using either hematocrit or hemoglobin data. Likewise, 
there was a strong correlation between the fractional 
change in plasma volume calculated either using albumin 
or total protein concentrations. However, the FRBV de- 
termined with total protein was less than the FRBV mea- 
sured with albumin. Furthermore, the FRBV calculated 
with plasma proteins was greater than the FRBV predicted 
” by hemoglobin. This phenomenon could be explained by 
a net loss from the vascular compartment of plasma pro- 
teins in response to the saline infusion. The shift out of 
the intravascular space of protein would be expected be- 
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cause dilution of the plasma colloid osmotic pressure by 
the saline infusion would increase the convective transport 
across the microvascular membrane into the interstitium 
of plasma proteins. Furthermore, because microvascular 
membrane permeability is greater for the smaller albumin 
molecules than for the other plasma protein molecules, 
one would expect a greater loss of albumin.!” These data 
indicate that hematocrit data, not the plasma total-pro- 
teins concentrations, should be used for calculation of 
fractional blood volume. 

The hemodynamic responses to the saline infusion were 
modest. The largest and most consistent increase was 
noted in the pulmonary capillary wedge pressure. How- 
ever, with the PCWP increase there was not a consistent 
increase in the cardiac index or in the left ventricular 
stroke work index. This may be because a baseline wedge 
pressure of 11 mmHg suggests that many of the patients 
in this study were already on a relatively flat portion of 
their Frank-Starling cardiac curve where further increase 
in PCWP would not be expected to increase cardiac index 
to a significant degree.®:'*!® Analysis of our data reveals 
that there was a greater likelihood of both an increase in 
the pulmonary capillary wedge pressure and the cardiac 
index if the blood volume was increased by more than 
7%. This is consistent with the fact that the Frank-Starling 
curve predicts a change in cardiac performance when the 
end diastolic ventricular volume increases. 

The myocardial performance curve has been used by 
previous investigators to assess the adequacy of patient 
preparation for surgery.” In the myocardial performance 
curves that have been reported, volume is commonly in- 
fused intravenously to increase cardiac performance. Pre- 
vious studies by Mangano and associates indicate that 
there is a limited capacity to further increase cardiac-stroke 
volume by further increasing intraventricular volume 
when the pulmonary capillary wedge pressure was above 
7 mmHg.” Furthermore, data from several investigators 
have suggested that in ischemic ventricles, volume loading 
that raises the right atrial pressure may increase resistance 
to blood flow out of the coronary sinus and thus contribute 
to ventricular dysfunction.*” Modification of the present 
study’s protocol that could improve its therapeutic as well 
as diagnostic value may be the use of an algorhythm sim- 
ilar to that reported by Bunt and associates.” These in- 


' vestigators report that adding nitroglycerin selectively to 


patients who have high wedge pressures in response to 
volume loading improves the capacity of the patients to 
tolerate subsequent aortic surgery. 

The predictive success of the multivariant Discriminant 
Analysis accomplished in the present prospective study 
was 79%. This accuracy needs to be improved if this type 
of analysis is to be useful to clinicians. Validation of this 
model’s accuracy would require a prospective repetition 
of the protocol in another group of comparable patients. 
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However, an alternative goal would be to improve the 
prognostic accuracy of the analysis by identifying addi- 
tional discriminant variables. For these variables to in- 
crease the accuracy of the prediction, they should not cor- 
relate with those variables already included. One goal of 
this study was to determine if the fractional change in 
blood value following saline infusion was of additional 
discriminant value in predicting outcome. We conclude 
that this measurement did add to the efhiciency of the 
outcome prediction. FRBV was helpful because changes 
in blood volume in response to saline infusion did not 
closely correlate with other measured hemodynamic vari- 
ables. Other potential factors that were not considered in 
this study but that could add a discriminant value to the 
predictive equation are an index of the magnitude of the 
operative stress, a measurement of oxygen delivery,® a 
measurement of nutritional deficits or immunologic 
competence, and a quantitation of extravascular volume 
deficits. The reason why a greater increase in FRBV in 
response to saline infusion is associated with an improved 
outcome is not clear. Patients with stress who have ele- 
vated sympathetic activity may have a less compliant in- 


-travascular compartment. The lower fractional increase 


in blood volume may reflect the fact that the volume load 
administered was insufficient to rehydrate the patient. 
In conclusion, prognostication using discriminant 
analysis techniques applied to preoperative data provides 
the surgeon with objective criteria that could be helpful 
in making preoperative clinical decisions. Furthermore, 
with the increasing scrutiny by regulatory agencies of out- 
come after operations using quality assurance review, the 
use of techniques such as discriminant analysis that prop- 
erly stratifies patients based on preoperative criteria will 
be essential if an accurate index of quality of care is to be 
obtained. Discriminant analysis can also provide an in- 
dication of what variables can be adjusted before operation 
in a manner that is beneficial. We suspect that the com- 
plexity of autoregulation makes selecting therapy to op- 
timize a single variable (i.e. cardiac index, blood volume) 
of questionable benefit because of adjustments that occur 
when any one variable is changed. The use of discriminant 
analysis techniques that incorporate multiple variables 
may be needed to determine which treatments are ben- 
eficial in preparing high-risk patients for operations. 


DISCUSSION 


Dr. DON Morais (Shreveport, Louisiana): I would like to thank the 
authors for providing me with a manuscript prior to the meeting. 

The authors have performed a complex study obviously requiring a 
great deal of work, and they are to be congratulated for having the tenacity 
to perform it. l 

The object of the study was to determine the patient’s response to a 
standard saline infusion and to determine whether the patient’s response 
to the infusion was predictive of outcome in the postoperative period. 

The authors determined that the response to the saline infusion as 


PREOPERATIVE SALINE INFUSION 659 


Acknowledgments 


The authors wish to thank John M. Yancey and Arthur O. Cromer 
for help in analyzing the data. 


References 


1. Garrison RN, Cryer HM, Howard DA, Polk HC. Clarification of 
risk factors for abdominal operations in patients with hepatic 
cirrhosis, Ann Surg 1984; 199:648-655. 

2. Goldman L, Caldera DL, Nussbaum SR, et al. Multifactorial index 
of cardiac risk in non-cardiac surgical procedures. N Engl J Med 
1977; 297:845-850. 

3. Knaus WA, Draper EA, Wagner DP, et al. APACHE II: a severity 
of disease classification system. Crit Care Med 1985; 13:818— 
829. 

4. Gerson MC, Hurst JM, Hertzberg VS, et al. Cardiac prognosis in 
non-cardiac geriatric surgery. Ann Intern Med 1985; 103:832~ 
837. 

5. Bunt TJ, Manczuk M, Varley KV. Nitroglcerine-induced volume 
loading. Surgery 1988; 103:513~520. 

6. Bush HL, LoGerfo FW, Weisel RD, et al. Assessment of myocardial 
performance and optimal volume loading during elective ab- 
dominal aortic aneurysm resection. Arch Surg 1977; 112:1301~- 
1306. 

7. Bush HL, Huse JB, Johnson WC, et al. Prevention of renal insuf- 
ficiency after abdominal aortic aneurysm resection by optimal 
volume loading. Arch Surg 1981; 116:1517-1524. 

8. DelGuercio LRM, Cohn JD. Monitoring operative risk in the elderly. 
JAMA 1980; 243:1350-1355. 

9. Manny J, Grindlinger GA, Dennis RC, et al. Myocardial performance 
curves as guide to volume therapy. Surg Gynecol Obstet 1979; 
149:863~-873. 

10. Whittemore AD, Clowes AW, Hechtman HB, et al. Aortic aneurysm 
repair: reduced operative mortality associated with maintenance 
of optimal cardiac performance. Ann Surg 1980; 192:414—-420, 

11. Weisel RD, Berger RL, Hechtman HB. Measurement of cardiac 
output by thermodilution. N Engl J Med 1975; 292:682-684, 

12. Mangano DT, VanDyke DC, Ellis RJ. The effect of increasing preload 
on ventricular output and ejection in man: limitations of the 
Frank-Starling mechanism. Circulation 1980; 62:535~541. 

13. Dill DB, Costill DL. Calculation of percentage changes in volumes 
of blood, plasma, and red cells in dehydration. J Appl Physiol 
1974; 37:247-248. 


- 14. Doyle JT, Wilson JS, Estes EH, et al. The effect of intravenous 


infusions of physiologic saline solution of the pulmonary arterial 
and pulmonary capillary pressure in man. J Clin Invest 1951; 
30:345-352. 

15. Grindlinger GA, Vegas AM, Manny J, et al. Volume loading and 
vasodilators in abdominal aortic aneurysmectomy. Am J Surg 
1980; £39:480-486. 

16. Documenta Geigy: Scientific Tables. Editor K Drem and C Lenter, 
7th ed. Basel, Switzerland: JR Geigy, 1970; 555. 

17. Mullins RJ, Bell DR. Changes in interstitial volume and masses of 
albumin and IgG in rabbit skin and skeletal muscle after saline 
volume loading. Cir Res 1982; 51:305-313. 

18. Cohen JL, Wender R, Maginot A, et al. Hemodynamic monitoring 
of patients undergoing abdominal aortic surgery. Am J Surg 1983; 
146:174-177. 


administered in this study was not predictive, but that a demonstrated 
increase in circulating vascular volume was a variable that added power 
to their statistical analysis. 

Unfortunately, it was not as strong a predicter as one would have 
liked. In the manuscript they show that it. only increased the predictive 
outcome by 4%. 

The study population was appropriate for this study but its diversity 
probably led to some of the difficulty with determining the significance 
of the test as it was used. 

Patients with vascular disease, infection, and cancer were included in 
the study. It is not unreasonable to assume that differences in baseline 
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hydration status, vascular tone and vascular permeability were present 
in such a diverse group of patients. 

These differences might well be important in determining the pre- 
operative value of this particular maneuver. 

These types of studies are difficult to perform, and I have several ques- 
tions for the authors about some of their measurements. 

First, how was the saline bolus infused, either centrally or peripherally? 
This might affect some of the changes. 
' Measurements of circulating volume based on hematocrit and he- 
moglobin are dificult to perform, and I would be interested in whether 
they have data concerning the change in the size of the red ceils. 

Was the baseline status of the patients controlled for in terms of hy- 
dration? 

And finally, have the authors any experience with infusing some other 
type of fluid more likely to stay in the intravascular volume as a post- 
operative predicter of outcome? 


Dr. TIM FABIAN (Memphis, Tennessee): Dr. Polk, Dr. Jones, Mem- 
bers, and Guests: First I would like to congratulate Dr. Garrison for 
handling a huge amount of data in a very fine fashion, and I would also 


like to thank the authors for giving me the paper a week in advance ` 


because it takes my mind about that long to satisfactorily compute. 
The critique will address two basic areas—contrals and practicality. 
You have a generally elderly population, but a significant range of age 
of 42 to 84 years. Obviously, these patients will vary widely in size and 
body-water content. You mentioned measuring body-surface area in your 
manuscript. I would ask why you didn’t fix the volume of crystalloid 
infusion to body-surface area, so that all patients would have received 
the same relative infusion, Smaller individuals received greater infusions 
than the larger-patient populations. Could this not impact outcome? 
Te further address the issue of controls, it might be interesting to 
consider etiologies for the smaller change in blood volume in those pa- 
tients with poor outcomes compared to those with good outcomes. Could 
the poor-outcome group have greater fluid shifts out of the: vascular 
space due to infection and/or malnutrition and could these be the im- 
portant predictive variables? However, even more importantly, couldn’t 
the patient’s baseline status be a very major concern that you apparently 
didn’t consider? 
More directly, you have an elderly population with infections, malig- 


nancy, and many undergoing gavage bowel preparations. I suspect that. 


there is a large variability in the baseline hydration status. 


Those patients who have the largest change in blood volume would, 


in fact, be those who are dehydrated before the 2-L infusion compared 
to a relatively euvolemic group that becomes overhydrated by the 2 L 
and has a lesser change in blood volume. 

If this criticism is accurate, you may have addressed and designed a 
self-fulfilling prophecy. That is, if you infuse an elderly euvolemic patient 
with 2 L of saline, they do more poorly than the dehydrated patient who 
is rehydrated by the infusion. Investigation of state of hydration or os- 
molality might prove interesting. You have used change in blood volume 
asa predictor of outcome when, in fact, the infusion may be a comorbidity 
factor in patients with poor outcome. 

Addressing practicality, this technique is invasive and expensive. It 
requires Swan-Ganz catheterization and a night in the intensive care 
unit. If the infusion was completely safe, you would simply be giving 
the 2 L and measuring pre- and postinfusion hemoglobins, but, in fact, 
the data do demonstrate that some of the high-risk patients don’t tolerate 
the crystalloid and require basing hemodynamic monitoring. Does the 
small improvement in the predictive multivariate discriminate analysis 
justify the expense of invasiveness? 

Regardless of these criticisms, I find this a very intriguing piece of 
work that certainly prompts some interesting-physiologic questions con- 
cerning hemodynamics and hydration status in high-risk surgical patients. 


Dr. Lewis M. FLINT, JR. (Buffalo, New York): I have four questions 
for the authors. 

First, in the patients with high pulmonary capillary wedge pressures 
and in the patients whose pulmonary capillary wedge pressures rose rap- 
idly with infusion, why did you choose to stop at the level that you did? 
Sometimes we have found that these patients will have progressive myc- 
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cardial improvement with additional fuid loading, and perhaps this wedge 
pressure was a bit too low for some of your patients. 

Second, in those patients who did not retain the volume load in the 
intravascular space, was there predominance of third-space conditions 
in those patients such as intestinal obstructions, peripheral edema, or 
ascites? 

Furthermore, we have not been impressed with the accuracy of volume 
infusion in predicting postoperative myocardial ischemic events. Have 
you other correlations with your findings such as muga scans or echo- 
cardiograms that might have further identified patients who are subject 
to myocardial ischemia? 

Finally, do you have confidence enough in this assessment to conduct 
it outside the ICU? 


Dr. ROBERT S. RHODES (Jackson, Mississippi): Dr. Polk, Dr. Jones, 
Members, and Guests; Dr. Mullins and Garrison are to be congratulated 
for their attempt to identify before operation high-risk surgical patients. 
In an era in which we have to contend with the relevancy of raw morbidity 
and mortality data, their approach may have significant benefits in char- 
acterizing the heterogeneity of case mix. This will help clarify some of 
the issues that now exist that are relevant to differences between surgeons 
and between institutions. 

There are several points I would like to raise. The first echoes the 
issues raised by previous discussants. Only about one half of the patients . 
had an upslope or therapeutic benefit from the saline infusion. The re- 
maining patients had either no change or a downslope response. The 
possibility of a downslope response raises the question of whether the 
saline infusion was actually detrimental. In fact, 15 patients appeared 
not to tolerate the entire 2-L infusion. Did the authors evaluate volume 
challenge by Trendelenburg or leg lift maneuvers? My experience with 
these maneuvers, although somewhat smaller, suggests that they would 
be useful. They should autoinfuse approximately one unit of blood, ap- 
proximately the same increase in vascular volume that would accrue 
from the 2-L crystalloid infusion. These maneuvers have the additional 
advantage of being easily reversible in those patients in whom volume 
loading has a detrimental effect. 

Second, did you evaluate your data using spun hematocrits rather 
than calculated hematocrits? My concern is that hemoglobin determi- 
nations have relatively poor reproducibility. Hematocrit values calculated 
on the basis of these hemoglobin concentrations would reflect this poor 
reproducibility and be less accurate. Spun hematocrits might improve 
the discriminant value of the fractional blood volume change. 

Third, did the authors identify any differences in fractional blood vol- 
ume change with saline infusion in the infected patients compared to 
the noninfected patients? Their techniques might identify and quantitate 
the capillary leak in such patients. 


Dr. H. HARLAN STONE (Cleveland, Ohio): I enjoyed this presentation 
and am even more appreciative of the opportunity to review the manu- 
script ahead of time. It contains some very fascinating data that can be 
interpreted in many different ways. 

On superficial examination, one might first assume that preoperative 
hydration can improve the surgical outcome in patients who are mini- 
mally, in a subclinical sense, volume depleted. Yet if we look at the 
corollary, how can it be explained why patients who do not obviously 
need such preoperative hydration do so poorly? Are we overlooking an 
entirely different and perhaps even more critical issue? 

There appears to be a more significant item. Is the preoperative response 
to a fluid challenge, exclusive of patients with little to no cardiac reserve, 
rather a means of identifying those individuals who are already in the 
subclinical phase of a metabolic response to stress caused by the condition 
for which operation is planned and/or some other associated or unrelated 
organ-system disease? Certainly an established positive water and sodium 
balance would reflect the presence of such a state and would result in a 
more immediate elevation in pulmonary capillary wedge pressure and, 
through urinary excretion and/or third-space loss, a lesser expansion in 
the functional blood volume. 

Finally, I wonder if some single test, such as the blood or plasma 
osmolarity, might be an excellent screening tool that could then select 
out those patients who truly need more detailed preoperative evaluation 
and preparation. In this day of tight controls, those who draw up the 


Vol. 209 * No. 6 


guidelines for various disease-related categories rarely condone an extra 


day of preoperative evaluation. A simpler way to justify the additional 


work-up will indeed be welcomed. 


RICHARD J. MULLINS, M.D. (Closing discussion): I appreciate the 
comments and questions, particularly from Dr. Stone. He was one of 


_my mentors. He always asks innovative and insightful questions. Several 


discussants suggest that all we were doing with this protocol was rehy- 
drating patients who were dehydrated. We do not feel that these patients 
were dehydrated for the following reasons. The mean urine specific gravity 
was 1.015. Those patients who had a bowel prep drank 4'to 6 liters of 
an isotonic nonabsorbable fluid the day before admission to the Surgical 
Intensive Care Unit. Thus we avoided the osmotic cathartics that de- 
hydrate patients. The mean base pulmonary capillary wedge pressure 
(PCWP) in these patients was | 1 mmHg. Other studies of volume infusion 
protocols that are reported in the literature have measured wedge mean 
PCWPs as low as 2 to 3 mmHg. We agree with the premise that a well- 
hydrated patient will tolerate better induction of anesthesia and major 
surgery. However we find it difficult to define the patient’s hydration 
status. The criteria for determination of the adequacy of extracellular 
volume are not completely understood. We propose that measuring the 
response to a saline load may provide information on the hydration 
status of the patients. We are convinced that patients benefit from the 
intravenous saline infusion because of generous expansion of the inter- 
stitial volume as well as an increase in the blood volume. 

Dr. Flint suggests as an alternative protocol infusing saline until a 
particular pressure is achieved. We elected to use a designated volume 
infusion in this study because it seemed more rational to provide all of 
the patients with substantial saline volume. We anticipated that patients 
would auto regulate their intravascular volume. Thus they would either 
increase their pulmonary capillary wedge pressure, which would prompt 
us to terminate the infusion or, through a diuresis, they would clear the 
extra fluid. It may be preferable to use an algorithm that is based on 
saline infusion until a prescribed change in PCWP has occurred. 
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Previous data have indicated that when colloid solutions were used 
to the expand the blood volume and increase the pulmonary capillary 
wedge pressure, that hemodynamic changes are transitory. We concluded 
from this study that it may be more informative to measure changes in 
blood volume in response to a saline infusion than to determine the 
changes in hemodynamic parameters in response to the saline infusion 
when the goal of a surgeon is to interpret the patient’s response as a 
prognostic indicator of the patient’s risk. 

The hematocrits were measured in our clinical laboratory. The he- 
matocrit was determined with a machine that measures, using a laser, 
the size of the individual red cells and counts the number of red cells 
per unit of volume. Thus a correction of the hematocrit did not have to 
be made for trapped plasma volume. It is correct that in theory changes 
in red cell volume due to saline infusion would be a confounding factor. 
However, we do not believe that significant changes in plasma osmolality 
occurred because the hemoglobin data, which is indicated independent 
of the RBC size and hematocrit data, gave the same fractional change 
in blood volume. 

One question that was raised was whether it was practical to volume 
load patients before operation in the expensive environment of a Surgical 
Intensive Care Unit. We are convinced that surgeons can improve the 
outcome of surgery performed on high-risk patients, if an additional 
effort is made to optimally prepare the patients. We hypothesize that 
savings in the total Intensive Care Unit costs will occur if postoperative 
complications can be avoided by a single day of preoperative optimization. 
What we feel are now lacking are clearly defined criteria that could be 
used to determine how to prepare a patient before operation. A volume- 
infusion protocol similar to the one that we have carried out could be 
performed in a setting other than the Surgical Intensive Care Unit; for 
example, a step-down Intensive Care Unit that has the equipment for 
monitoring the patient’s electrocardiogram and’ PCWPs. The quiet en- 
vironment of these units would be an added advantage. It may be pref- 
erable to avoid in some apprehensive preoperative patients the intense 
audio-visual distractions of a Surgical Intensive Care Unit the night before 
their surgery. 
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Recurrent carotid artery stenosis (RCAS) occurs in 10% to 15% 
of patients following carotid endarterectomy (CEA). A recurrent 
stenosis may occur as early as 6 months and will become symp- 
tomatic in 3% to 5% of patients. Early stenosis is myointimal 
hyperplasia, but with the passage of time may progress to the 
characteristic atherosclerotic lesion. Improvements in noninya- 
sive testing allows for evaluation and early detection of restenosis. 
Since 1974 we have performed 3711 CEAs in 2909 patients. 
One hundred and six second or third CEAs were performed in 
98 patients (3.5%). In 20 of these reoperations, the common 
carotid (CCA) and internal carotid artery (ICA) were resected 
and replaced by autogenous vein, usually saphenous. One of these 
patients had 3 previous CEAs while 7 patients had 2 and 12 
patients had 1 previous operation. There were no deaths; throm- 
bosis of one vein interposition requiring replacement occurred. 
Hoarseness and hypoglossal nerve palsy occurred in one patient. 
‘Follow-up ranged to 5 years with a mean of 2.8 years. Although 
a second CEA is possible, there are inherent technical difficulties 
that may be encountered and vein interposition will solve these 
as well as offer the potential to prevent a further recurrence. 


AROTID ENDARTERECTOMY (CEA) is now the 

most common, noncardiac, major vascular pro- 

cedure performed in the United States. In the 
past decade, there has been a five-fold increase in the 
number of procedures performed.' Recurrent carotid ar- 
tery stenosis (RCAS) probably occurs in 10% to 15% of 
patients following CEA and may become symptomatic in 
3% to 5%.” The morphogenesis and clinicopathologic 
characteristics of the disease have been investigated,* but 
the technical difficulties that occur at multiple reopera- 
tions have not been addressed. Because the symptomatic 
recurrence rate is low, most series of CEAs do not have 
adequate numbers of reoperations for the vascular surgeon 
to gain experience in their operative management. End- 
arterectomy remains the treatment of choice for athero- 
sclerotic disease at the carotid bifurcation. A second end- 
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arterectomy with patch graft is the technique most fre- 
quently employed at reoperation; however resection and 
vein graft interposition can be used and offers a safe and 
effective method of restoring cerebral flow. The use of 
autogenous vein also offers the potential to prevent re- 
current stenosis. 


Materials and Methods 


From 1974 to 1988, 3711 CEAs were performed in 
2909 patients. One hundred and six reoperations were 
performed in 98 patients (Table 1). In a previous report? 
we described 66 operations in 54 patients that included 
the resection of the carotid bifurcation and vein replace- 
ment on 3 occasions in 2 patients. 

In the 106 reoperations, vein interposition with resec- 
tion of the distal common carotid artery (CCA) and the 
proximal internal carotid artery (ICA) was performed in 
20 operations on 17 patients. There were nine men and 


eight women with a mean age of 65.8 years. The risk 


factors were hypertension (81%), smoking (64%), and di- 
abetes mellitus (20%). Coronary artery disease was present 


‘in 45% of the patients. 


Follow-up was at 1- to 6-month intervals for the first 
year, and then twice yearly. If the patient failed to appear 
for the visit, they were contacted by telephone. Nonin- 


. vasive carotid studies or arteriograms have been obtained 
. during the follow-up period as indicated. Duplex carotid 


imaging has been increasingly used to determine the need 
for more extensive studies. 


Surgical Technique 


The operation is done using general anesthesia with 
invasive cardiac monitoring where indicated. A radial ar- 
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terial line allows precise blood pressure control and may 
be very helpful during the first 24 hours after operation 
to maintain normotension. Antibiotics are administered 
immediately before operation and for 24 hours following 
operation. 

The inguinal area is prepared in addition to the appro- 
priate carotid site. This allows harvest of the saphenous 
vein if it becomes evident during the operation that a 
second endarterectomy is not technically possible (Fig. 1). 

An incision through the previous operative site along 
the border of the sternocleidomastoid muscle is used. 
Electrocautery is used to dissect the muscle off the un- 
derlying jugular vein and carotid artery. 

Knife dissection is then carried out to expose the CCA, 
ICA, and external carotid artery (ECA). Care must be 
taken to dissect the vagus nerve from the lateral wall of 
the carotid where it may be intimately adherent. It is also 
important to visualize and protect the hypoglossal nerve, 
which is superficial to the ICA and ECA. 

It is important to carry the dissection cephalad and 
caudad beyond the previous endarterectomy in the artery 
to ensure that the recurrently diseased tissue can be com- 
pletely removed (Fig. 2). 

If a decision has been made before operation that re- 
section of the CCA and ICA are likely, the proximal sa- 
phenous vein is harvested. This may prove to be important 
because we routinely use an internal shunt and can thus 
avoid having to insert the shunt a second time. 


FIG. 1. A severely diseased 
specimen, probably best 
treated by resection. 
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TABLE |. Carotid Endarterectomy 1974-1988. 


Total number of procedures 3711 

Total Number of Patients 2909 

Mean age 67.2 years 
Mortality Rate 0.72% (n = 27) 


Neurologic complications 0.88% (n = 33) 


We prefer to use the proximal saphenous vein because 
its diameter will more nearly approximate the size of the 
CCA. A brachial vein has been used on one occasion. 
There is, however, still some size discrepancy between the 
distal saphenous vein and the CCA so that destruction of 
any valves and orthograde flow (Fig.3) is probably pref- 
erable. We have used this technique in the last two vein 
interpositions that were performed. 

Once the vein is harvested, a straight silastic shunt 
(USCI, Div. of C. R. Bard, Inc., Billerica, MA) is threaded 
through the vein. We use a special extra-long shunt that 
allows retraction of the CCA and ICA that occur and 
prevent extrusion of the shunt during the anastomosis. 

The CCA and ICA artery and vein are spatulated and 
the distal anastomosis is performed with a continuous 
monofilament suture. The proximal suture line is com- 
pleted in a similar fashion and the shunt is extracted by 
transection and removal just prior to completion of the 
anastomosis (Fig.4). 
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Routine shunting is used in all cases and its continued 
careful use in reoperation allows adequate cerebral per- 
fusion if the occlusion time should be unduly prolonged. 
Platelet antiaggregates are routinely used before operation 
and during the perioperative period. This has been shown 
to be effective in reducing platelet accumulation on the 
freshly endarterectomized segment.*”’ 





FIG. 2. Exposure of proximal 
and distal common and in- 
ternal carotid artery resected 
back to normal artery. 


Results 


The indications for operation included hemispheric 
symptoms in 14 patients, asymptomatic tight stenosis in 
3 patients (>80%), and nonlateralizing symptoms and 
tight stenosis in 2 patients. (Table 2). The operation is 
usually reserved for symptomatic stenosis with only 11% 


FIG. 3. Valulatome destroy- 
ing valves. 


a; 
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FiG. 4. Completed anasto- 
mosis with shunt withdrawn. 
Small-caliber resected CCA 
and ICA shown above vein. 


of the patients asymptomatic, which is similar to the ratio 
in the entire series.* 

Over one half of the patients had more than one pre- 
vious operation for an average of 1.7 previous CEAs 
(Fig.5). Patch angioplasty had been performed in all CEAs 
except two and on only one occasion was the patch ma- 
terial vein rather than Dacron. The interval between the 
last CEA and vein replacement ranged from 6 months to 
10 years, with an average of 4.5 years (Fig. 6). 

There were no hospital deaths in the series. One patient 
suffered a hypoglossal nerve palsy and hoarseness that 
was slow to resolve. It was the patient’s fourth operation 
for recurrent stenosis (Table 3). 

The major complication occurred in a patient operated 
on emergently for a thrombosed CCA. She developed a 
contralateral hemiparesis 24 hours after operation and at 
reoperation was found to have a thrombosed vein graft. 
This was replaced, but arm weakness persisted. This pa- 
tient had not been on platelet antiaggregates. 

A minor complication consisted of hypertension during 
the first 18 hours after operation in one patient, but this 


TABLE 2. Indications for Resection 


Patients 

Indication (N = 17) 
Hemispheric symptoms 14 
Asymptomatic with thrombosis 2 
Nonlateralizing symptoms and severe stenosis 4 
Total operations 20 
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was controlled with intravenous and oral antihypertensive 
medications. 

Follow-up ranged from 6 months to more than 6 years, 
with a mean of almost 3 years (Fig. 7). Restenosis was 
found at the proximal suture line in one patient 4 months 


Number 
of 


Patients 





Operations 


Fic. 5. Number of previous CEA’s on replaced side. 
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Number 
of 4 
Patients 
Number 
of 3 
Patients 
2 





1-2 2-3 3-4 >4 
Years 


FIG. 6. Interval between last CEA and vein interposition. 


after operation due to the size mismatch between the distal 
saphenous vein and the CCA (Table 4). It is on the basis 
of this complication that orthograde positioning of the 
saphenous might be preferable. This same patient died 
suddenly at home following myocardial infarction. He 
was the only patient lost during follow-up. The remaining 
patients are asymptomatic. 


Discussion 


The use of noninvasive cerebrovascular studies now 
allows for more accurate follow-up after CEA. More liberal 
use of these techniques allows for a true assessment of the 
rate of restenosis. Baker et al.? have demonstrated that 
noninvasive hemodynamic flow may be abnormal in 3% 
to 12% of patients after carotid endarterectomy. More 
importantly, Zierler et al.'° reported regression of ‘“‘re- 
current carotid stenosis” in nine (41%) of 22 patients. 

Four main causes for restenosis should be considered. 
Technical causes include an intimal flap at the proximal 
or distal end of the endarterectomy. The use of tacking 
sutures to prevent this complication has also been impli- 
cated. The occlusive clamps used on the artery might also 
be a factor. These factors can play a causative role in the 
long-term but they are probably more important in the 
immediate postoperative period. 


TABLE 3. CEA Complications 





Complications n 





Thrombosis reexploration with vein replacement l 
Hypertension l 
Unilateral vocal cord paralysis and hypoglossal nerve palsy l 





1-2 


Years 
Mean Follow-up 36 Months 


N 
` 
W 





FIG. 7. Vein interposition (follow-up). 


Second, there are studies to indicate that factors related 
specifically to the patient may contribute to restenosis. ' 
The level of the origins of the ICA and ECA, the small 
arteries that occur most commonly in femorals, have been 
mentioned. These are very “soft” factors. 

Altered hemodynamics as suggested by Imparato? may 
cause injury to the arterial wall with intimal thickening. 
This may result from turbulence of flow, the slowing of 
flow, or an increase in the viscosity of the blood. 

Finally, intimal thickening can be the beginning of a 
pathologic continuum that progresses from thickening to 
a series of changes to become a calcified plaque. Myoin- 
timal hyperplasia, seen most (Table 5) frequently during 
the early follow-up endarterectomy, represents the intimal 
thickening that may progress to the more typical athero- 
sclerotic plaque. 

Several techniques have been promoted to deal with 
recurrent carotid disease depending on the pathologic 
changes found at operation. The most logical and widely 
applicable is the repeat carotid endarterectomy with patch 
angioplasty. Some authors advocate simple patch angio- 


TABLE 4. Vein Interposition (N = 17) 


Results n 
Follow-up 17 
Asymptomatic 17 
Complications 2 
Death l 
Restenosis l 
Arteriograms 6 
Noninvasive study e 
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plasty to deal with the carotid in which a good endarter- 
ectomy plane cannot be developed.'? Another technique 
described by Edwards!‘ involves carotid bifurcation ad- 
vancement. It consists of incising the ICA and ECA along 
their opposing walls and then suturing the two arteries 
together so that the ECA serves as a patch for the ICA. 
When this technique was compared to primary closure 
and vein-patch angioplasty, there was no significant dif- 
ference in rates of restenosis.!° 


In most reoperations for recurrent stenosis, an endar- 


terectomy can again be performed. It is essential that the 
exposure of the CCA and ICA allows complete inspection 
to be certain that proximal and distal diseased tissue are 
removed. It is also essential to ensure that damage to the 
adventia of the artery does not occur during exposure 
because there then-may be insufficient circumferential ar- 
tery for a closure without compromise of flow. Our results 
would indicate that operation for restenosis can be per- 
formed with a low rate of morbidity and offer relief of 
symptoms. Patch angioplasty should probably be per- 
formed in each case of reoperation. Stmple patch angio- 
plasty might be considered if the intimal thickening has 
a smooth glistening surface without ulceration. 

It has been generally recognized that intimal plaques 
occur at areas of flow disturbance in human arteries. In 
the carotid artery this seems to occur along the outer wall 
of the carotid bulb and is in the area of low shear due to 
the turbulence created by the origins of ICA and ECA. 
Removal of this area of turbulence may prevent the 
stresses that allow plaque formation to occur. In addition, 
autogenous venous tissue seems to maintain good patency 
in areas of flow comparable to the carotid flow. 

Experience gained thus far in the resection of the CCA 
and ICA would seem to indicate that nonreversal of the 
upper saphenous vein will allow a better match for end 
to end anastomosis between the CCA and the ICA. The 
valves may be excised under direct vision by invaginating 
the vein and direct vision as the valves are excised. This 
is sometimes difficult and traumatic to the vein so an 
alternative technique might be to use a valvulotomy de- 
vice. The shunt can then be passed through the vein and 
the anastomosis completed in the usual manner. We prefer 
to spatulate both the artery and the vein to create a smooth 
transition at the anastomosis. 

The need for a third bilateral carotid endarterectomy 
in a 57-year-old white woman was our first replacement 
of the CCA and ICA. Five years have elapsed with no 
evidence of restenosis. This early success led us to continue 
use of vein replacement when we felt that an endarter- 
ectomy was technically inadequate or after more than 
one recurrence. 

Symptomatic carotid artery restenosis occurs in 3% to 
5% of patients after operation. Improved noninvasive 
techniques will probably yield a recurrent stenosis rate in 
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TABLE 5. The Pathologic and Clinical Continuum 


Pathologic Observations 
Early recurrence 
Neointimal Fibromuscular Hyperplasia (myotntimal hyperplasia) 
Late recurrence 
Extensive Thrombus Formation and Atherosclerosis (foam cells, 
cholesterol clefts, collagen and calcium) 


Clintcal Observations 
Early recurrence 
Intimal Surface Pale, White, Rubbery and Densely Adherent 
Late recurrence 
Yellowish, Stiff, Gritty and Easier to Remove 


the range of 10% to 20% or higher. Reoperation is safe 
and effective but requires meticulous dissection to prevent 


-nerve damage or adventitial arterial damage. 


A second endarterectomy is usually possible; however 
another alternative is carotid bifurcation resection and 
replacement with the reversed saphenous vein. This is 
indicated for the artery affected by myointimal hyperplasia 


when traditional endarterectomy cannot be performed 


due to Jack of suitable tissue planes. Another situation in 
which saphenous vein replacement seems indicated is the 
recurrent atherosclerotic lesion in which a satisfactory 
clean endarterectomized surface cannot be achieved due 
to thrombus or calcification. The final indication 1s a sec- 
ond recurrence and scarring of the artery that is so severe 
that reconstruction with a simple patch angioplasty would 
not yield a satisfactory result. In most cases it is simpler 
to proceed immediately with vein replacement than to 
attempt endarterectomy and patch. 

We feel that carotid bifurcation resection is a safe and 
durable alternative to multiple recurrent carotid endar- 
terectomies. There also seems to be a place for its use in 
the complicated first time recurrent disease when extensive 
thrombus is found. We hope that the vein intimal surface 
will have lower thrombogenicity than the raw endarter- 
ectomized vessel and will lead to lower rates of recurrence 
and complication. The routine use of carotid bifurcation 
resection and replacement for simple recurrent carotid 
stenosis does not seem justified because repeat endarter- 
ectomy is generally adequate. Orthograde placement of 
the vein will probably give a better anastomotic match in 
both the CCA and ICA. 
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DISCUSSION 


Dr. JESSE DAVIDSON (Roanoke, Virginia): I would like to commend 
Dr. Edwards and his colleagues for presenting to this Society a physio- 
logically, hemodynamically sound technique for dealing with recurrent 


carotid artery stenosis. This is often a very technically difficult procedure. . 


Their excellent results with this challenging problem reiterates the 
importance of experience and meticulous surgical technique as a predictor 
of successful carotid surgery. 


Reports such as this presented by Dr. Edwards are extremely important ' 


in re-emphasizing that carotid endarterectomy has a definite role in the 
management of cerebral vascular disease. 

In our daily surgical practice, we are constantly faced with the fact 
that carotid endarterectomy has become an extremely controversial sur- 
gical procedure. 

Many of our medical and neurologic eollcastics are skeptical of the 
efficacy of the operation for preventing stroke and death. 

Earlier this year more than 1300 Medicare patients who underwent 
carotid endarterectomy were reviewed by the Department of Medicine 
and Public Health at UCLA to examine specifically the appropriateness 
of the procedure and complications. Thirty-two per cent of patients were 
believed to have been operated on inappropriately. Thirty-two per cent 
of the procedures were done for equivocal reasons and the overall com- 
plication. rate was 9.8%, operative mortality was 3.4%, and major neu- 
rological complications totalled 68%. 

A similar review of carotid endarterectomy performed in five Veterans’ 
Administration centers in California suggested that 13% of carotid pro- 
cedures were done for inappropriate reasons, and 32% were done for 
equivocal reasons. 

Significant concerns regarding the operation were also raised following 
a report in the Journal of the American Medical Asseciation that analyzed 
carotid endarterectomies performed in Cincinnati. In patients with 
asymptomatic carotid stenosis, the combined stroke and death rates for 
the period 1983 to 1984 was 5.3%, and for the symptomatic patients the 
combined stroke and death rate was 7.8% in the same time period. 

Because of these controversial issues, four U.S. clinical trials have 
been instituted to critically analyze carotid endarterectomy versus medical 
therapy in the treatment of patients with not only hemispheric symptoms 
but also with asymptomatic hemodynamically significant lesions. 

These efforts are important and certainly valid, but more important 
is for each surgeon, physician, and hospital managing cerebral vascular 
disease, to examine thetr own results critically, and to institute measures 
that insure that the procedures are done for proper indications with 
acceptable rates of morbidity and mortality. 

Dr. Edwards and his colleagues have again shown that carotid surgery 
and, specifically, reoperative carotid surgery is safe in the hands of well- 
trained, experienced vascular surgeons. 

This report raises many aussions some of which I would like to pose 
to the authors. 


As stated by Dr. Edwards, more than 100,000 carotid endarterectomies 


are being performed in this country yearly. Now that patients are being 
followed carefully with Doppler imaging, the incidence of recurrent ste- 
nosis is 10% to 15% in many reports and up to 20%. Most of these are 
asymptomatic. 
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We aze being faced more and more each day with the patient who 
has an asymptomatic recurrent stenosis. I would pose to the authors the 
questior. of how one decides which asymptomatic patients need reop- 
eration. And specifically, does plaque morphology, as determined by 
duplex scan, influence one’s decision to operate? 

For example, does the smooth narrowing often seen with myointimal 
hyperplasia pose less risk for stroke than a recurrent atherosclerotic soft 
plaque that has intramural hemorrhage? 

Second, assuming that there are subsets of patients with recurrent 
asymptcmatic disease that should have reoperation, how often should 
these patients have follow-up with noninvasive studies such as Doppler 
imaging. technology that may provide considerable expense to the patient? | 

Third, have you identified systemic factors that play a role in recurrent 
carotid stenosis such as continued tobacco use, uncontrolled hypertension, 
and abnormal ratios of HDL and LDL cholesterol? 

Finalty, would you speculate on the potential role of laser-assisted 
endarterectomy in developing planes of dissection with recurrent carotid 
stenosis that may be difficult with standard surgical techniques? 


DR. KALPH G. DEPALMA (Washington, D.C.): This is a valuable and 
interesting contribution to carotid surgery; it was a pleasure to read the 
manuscript and to hear the presentation. 

This report represents a methodical approach to vein replacement of 
the carotid bifurcation. Many vascular surgeons have done an occasional 
case or two, but this topic has never been pulled together and looked at 
systemaczically as the authors have. 

Abou: ten years ago I replaced the carotid bifurcation because the 
internal carotid could not be endarterectomized. I used a reversed 
branched vein from the ankle. That patient had a fixed neurologic deficit 
and intermittent TIAs and he did well after operation until he died 10 
months later of a myocardial infarction. 

Unfortunately, we found out about it a little bit late. We were ol 
able to recover that specimen, and I always wished that we had been 
able to co this. I hope the authors might. 

But since that time I have not had the opportunity or the need to 
repeat tkis experience in primary resection, although perhaps once it 
should kave been done. 

_ My questions to the authors regard first the external carotid. 

How should this be dealt with? I noticed two reimplantations. The 
external carotid is an important collateral, and in my case I replaced it 
with a side branch off the vein. 

Second, how might one anticipate before operation, apart from the 
appearance of the carotid at surgery, a need for replacement? Given the 
third time in, I would plan to do it, too, I believe. 

And finally, what recommendations would you have for this very fine 
series for long-term follow-up to look at morphologic changes that might 
occur in the vein graft? Will you favor ultrasound or interval arteriog-' 
raphy? 

I certainly would encourage the latter if you can use digital intra- 
arterial technique and have your patients agree to this. 


DR. WILLIAM H, EDWARDS, JR. (Closing discussion): 1 will try to 
answer tne questions of Dr. Davidson and Dr. DePalma. We appreciate 
your remarks. i 
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First, Dr. Davidson. We have always felt it important to monitor our 
results and feel as you do that every institution should keep their results 
current. Our present stroke rate for the entire series is about 0.88%. 

As far as our asymptomatic restenosis and what we feel should be 
operated on, we still use the 80%-stenosis factor that has been used in 
most of asymptomatic series for the first-time stenosis. 

I don’t think that with plaque morphology that there is any way to 
accurately determine the morphology whether you use duplex scanning 
or arteriography. 

If we do feel that it ts an ulcerated plaque, then we are more likely to 
operate on it. l 

As far as how often to follow these patients—Dr. DePalma and Dr. 
Davidson asked this question. Ideally we would like to have follow-up 
arteriograms on every patient. As we mentioned, the one patient who 
had the 1-year arteriogram refuses to come back for anything more than 
a duplex scan at this point. We try to get them back for at least a yearly 
duplex scan. 

As far as the question about risk factors, no paper has really shown 
consistently that there was any risk factor for recurrence. There- have 
been many things bandied around—smoking, gender, and other things, 
but nothing consistently has come out in the literature. 

We have no experience with laser use in this area. 

In closing, I would like to emphasizs a few points about the technique. 
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We have always believed it important to dissect above and below the 
previous endarterectomy site to remove all of the disease. 

(Slide) This specimen shows the abrupt transition from the previous 
endarterectomy site above and below, from normal to diseased artery. 

In performing the high dissection there is a greater chance of inducing 
vagus and hypoglossal nerve dysfunction, which makes this an added 
risk of any operation for recurrent disease. 

Studies of the disease distribution at the carotid bifurcation have shown 
a predilection for the disease to form in areas of low wall-shear stress 
caused by the enlargement of the artery at the carotid bulb and the 
branching of the external carotid artery. The removal of this anatomy 
with a straight vein graft may have some theoretical advantages over the 
repeat endarterectomy. 

Studies by Sterling Edwards of a carotid bifurcation advancement 
technique that uses the external carotid as a patch for the internal carotid 
and therefore simply moves the bifurcation higher has been shown by 
him to make no difference in the recurrence rate. 

This gets back to the question of whether to reimplant the external 
carotid. Reimplanting the external carotid may be analogous to the bi- 
furcation advancement technique. 

The theoretical advantages, I think, are better without reimplanting 
it. However, in the two patients who have that reimplanted, one patient 
had both carotid bifurcations resected, and we felt it important to at 
least maintain circulation in the external carotid-on one side. 





Elective Colon and Rectal Surgery Without 
Nasogastric Decompression — 


A Prospective, Randomized Trial 
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Nasogastric (NG) decompression after colorectal surgery is 
practiced commonly. Our aim was to determine whether routine 
NG decompression benefitted patients undergoing this type of 
surgery. Five hundred thirty-five patients were randomized pro- 
spectively to either NG decompression or no decompression: 
Stratification was by type of operation and patient age. Excluded 
were patients who had emergency surgery with peritonitis, ex- 
tensive fibrous adhesions, enterotomies, previous pelvic irradia- 
tion, intra-abdominal infection, pancreatitis, chronic obstruction, 
prolonged operating times, or difficult endotracheal intubation. 
Two hundred seventy-four patients received NG decompression 
(Salem sump™, Argyle Co., Division of Sherwood Medical, St. 


Louis, MO) and two hundred sixty-one did not. There were 33 ` 


protocol violations included in the 535 patients. Patients who 
were not decompressed experienced significantly more abdominal 
distention, nausea, and vomiting than did those patients who 
were. Moreover, 13% required subsequent NG decompression 


as opposed to a reinsertion rate of 5% for patients routinely 


decompressed. The mean length of hospitalization for both 
groups was li days. There were no significant differences in 


nasopharyngeal or gastric bleeding, inability to cough effectively, _ 
respiratory infections, wound disruptions, reoperation, and wound | 


infection rates (5%) between the two groups. We conclude that 


even though there is an increase in the rate of minor symptoms | 


of nausea, vomiting, and abdominal distention, routine nasgastric 
decompression is not warranted after elective colon and rectal 


surgery. 

R eliminating as many variables as possible in ef- 
fecting safe outcomes. One such routine prac- 

ticed for the last 50 years has ae posioperatiye naso- 

gastric decompression. 

After celiotomy, coordinated small bowel contractile 
activity returns rapidly within hours, followed by the re- 
turn of gastric propulsivity after 24 hours.! Coordinated 
colonic motility returns after two to four days.! The mag- 
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nitude of small bowel secretory output immediately fol- ` 


lowing surgery, however, is unknown. After operation, 
salivary and gastric secretions are minimal, and without 
such secretory stimuli, pancreatic and biliary secretions 
are diminished. It has been thought that secretions and- 
gas accumulating as a result of postoperative ileus distend 
the bowel and that these could be removed or reduced by 


‘the use of an indwelling nasogastric tube. 


Our study was designed to examine the routine use of . 
nasogastric decompression in patients undergoing elective 


colon and rectal surgery and to compare this practice with 


a group of patients in whom similar operative procedures 
had been performed but who did not receive routine na- 
sogastric decompression. Moreover, we hopéd that a sub- 
set of patients might be identified by some preoperative 
or intraoperative factor or factors, which would benefit . 
from routine postoperative nasogastric decompression. 


‘Materials and Methods 


All patients undergoing elective colon and rectal surgery 
were considered eligible for this study. All patients gave 
verbal consent and this was noted in the patient history. 
The study was approved by the Mayo Institutional Review 
Board. After consideration of exclusionary criteria, pa-’ 
tients were randomized to Group I, if they received post- 
operative nasogastric decompression or to Group II if they 
did not receive postoperative decompression. All patients 
had a nasogastric tube placed during operation and, if 
they were randomized to Group II, the tube was removed 
in the recovery room. Randomization using a random- 
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ization table was performed at a site remote from the 
operating room. Patients were stratified by age (< 60 years, 
> 60 years) and type of procedure (Table 1) and random- 
izations were done within each of the four strata. Subsets 
I and II operations had a similar result in that little or no 
colon remained following resection, whereas Subsets III 
and IV operations had at least one half of the colon in 
place after operation. 

Patients with acute or chronic small or large bowel ob- 
struction were excluded. Other criteria for exclusion were 
a history of full-dose abdominal and/or pelvic irradiation, 
multiple (more than 3) serosal tears, peritonitis, pancre- 
atitis, abdominal or pelvic abscess, extensive fibrotic 
adhesions, prolonged mask ventilation or difficult endo- 
tracheal intubation at the beginning of the procedure, and 
an operating time longer than six hours. Obviously, sur- 
gical judgment entered into the decision for exclusion of 
patients with multiple dense fibrotic adhesions, prolonged 
operating time, or with ‘complicated’ surgery. 

Salem sump tubes™, French sizes #16 and #18, were 
used as the standard decompression tubes. Patients who 
received nasogastric decompression had the tube left in 
place for at least 72 hours or until the passage of flatus or 
stool signified resumption of bowel activity. Failure was 
defined as the need to insert a nasogastric tube in the 


group not decompressed or to reinsert a nasogastric tube 


in the group that was decompressed. Insertion or reinser- 


` tion was prompted by repeated emetic episodes, nausea 


or abdominal distention, or patient discomfort, as deter- 
mined by the attending surgeon. Respiratory compromise, 
because of gastric or abdominal distention, was also a 
criteria for insertion of a tube. 

Patients were seen by a study nurse coordinator every 
other day, until hospital discharge, and were contacted 
four to six weeks after operation to complete the follow- 
up. Data were recorded concerning time to return of post- 
operative bowel function, length of hospital stay, incidence 
of gastric bleeding, respiratory infection, difficulty in 
coughing, severe pharyngitis requiring antibiotic treat- 
ment, distention, nausea and vomiting, wound disruption, 
perforation, death, wound infection, postoperative small 
bowel obstruction, and steroid medication. 


Statistics 


Before beginning this trial it was determined that with 
at least 250 patients in each arm of the study there would 
be at least a 90% chance (statistical power) of detecting a 
15% difference in complication rates, or at least an 80% 
chance of detecting a 10% difference in complication rates 
if those rates were less than 25% (for example, 15% versus 
25%). A two-sided chi-square test with a Type | error rate 
of 5% was used to assess these differences. 
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TABLE |. Stratification Scheme 


Operation 
Subset Type of Operation Performed Age 
I Heorectostomy, proctocolectomy, ileoanal <60 
procedure, Kock pouch 
JJ Heorectostomy, proctocolectomy, tleoanal >60 
procedure, Kock pouch 
UI leocolostomy, colocolostomy, AP resection <60 
IV Heocolostomy, colocolostomy, AP resection >60 
Results 
All Patients 


Between February, 1986, and August, 1988, 1391 elec- 
tive colon and rectal procedures were performed by the 
seven participating surgeons. 

Many of these 1391 patients were excluded by the cri- 
teria mentioned above. About 15% of patients refused to 
enter the study, and they received routine NG de- 
compression. The remaining patients simply were not ap- 
proached about the study. We reviewed mean ages, sex 
distribution, wound infection rates, wound disruptions, 
and anastomosis complications from our institution from 
other recent prospective surgical studies, and we have 
concluded that this series of patients is very representative 
of our elective colon and rectal surgical practice. Five 
hundred thirty-five patients were enrolled in the study. 
There were 33 (6.2%) protocol violations, which consisted 
of patients having tubes removed when they were ran- 
domized to nasogastric decompression or patients not 
having postoperative nasogastric decompression who were 
randomized to do so. Because of the “intent to treat” 
issue in randomized trials, all of the protocol violations 
were included in the treatment arm to which they were 
randomized for the purposes of data analysis. Two 
hundred ninety-five patients were male and 240 patients 
were female. The mean age was 54 years, with a range 
from 15 to 95 years. Almost 60% of the patients were 
under the age of 60. Major infections, consisting of intra- 
abdominal abscesses, occurred in four patients (0.8%). No 
patient died within 30 days of operation and there were 
no significant episodes of bleeding. The reoperation rate 
for small bowel obstruction was 1%; in addition, there 
were 2 anastomotic leaks, 1 wound disruption, | perfo- 
ration, and | rectovaginal fistula during hospitalization 
after the primary procedure (three in Group I, two in 
Group II). Two other Group I patients underwent reop- 
eration for small bowel obstruction, at 3 and 8 months, 
respectively, after the primary procedure. Extreme difi- 
culty in coughing was noted in 1.4% of all patients and 
severe pharyngitis was only noted in five (1%) patients. 

Vomiting occurred in 15% of the 535 patients in the 
entire study group, and abdominal distention occurred in 
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TABLE 2. Complications 


Abdominal 
Patient Group Distention % 
Group I NG Decompression 16 
(n = 274) 
Group II No Decompression 28* 
(n = 261) . 


* Differs from NG decompressed group, p < 0.05. 


21%. Nausea occurred in 22%. A nasogastric tube was- 


either placed in Group I patients, or replaced in patients 
in Group II, in 46 patients, or 9% of the entire series. 


Comparison of Group I (NG Decompression) Versu 
Group II (No Decompression) 


Two hundred seventy-four patients (51%) were ran- 


domized to receive postoperative nasogastric decompres- 
sion. Two hundred sixty-one patients (49%) were ran- 
domized to receive no postoperative nasogastric de- 
compression. The mean time to return of bowel function 
was 94 hours in both groups. Postoperative stay was a 
mean of 11 days for both groups. No difference in ability 
to cough after operation was found between either group. 
There were no significant differences between groups in 
the number of patients enrolled, in patient age, time to 
return of bowel function, or length of hospital stay. 

Even though there were no differences in major life- 
threatening complications between Group I and Group 
II, there were significant differences in the minor post- 
operative complications of abdominal distention, nausea, 
and vomiting, as shown in Table 2. Five per cent of the 
patients in Group I required nasogastric tube replacement 
after the initial period of routine postoperative de- 
compression. Thirteen per cent of the patients who did 
not receive nasogastric decompression initially required 
postoperative insertion of a tube based on criteria de- 
scribed for failure. 

The 46 patients who required nasogastric tube insertion 
or reinsertion were carefully examined for factors that 
might lead to predictive criteria for postoperative naso- 
gastric decompression. No factors, including steroid use, 
history of cardiac or renal disease, hepatitis, diabetes, 
smoking, or seizure medication could be determined to 
_ be predictive of the need for postoperative nasogastric 
decompression. 


Discussion 


Ileus occurs after almost every intra-abdominal oper- 
ation and is characterized by lack of coordinated propul- 
sive gastrointestinal contractions. This is likely to be 
caused by the disappearance of cyclic interdigestive myo- 
electric complexes (IMC) that originate in the stomach 


Nausee — Vomiting Tube Replacement 
% %o or Placement % 
17 ld 5 
ee ks 19* 13* 


and move aborally through the small intestine to end in 
the ileam. These complexes have been hypothesized to 
serve a “housekeeper” function; that is, to sweep the bowel 
clean cf debris, gas, and nondigestible solids.* When such 
complexes are abolished, secretions; gas, and debris ac- 
cumulate within the bowel lumen, the bowel distends, 
and passage of stool and flatus cease. With the introduc- 
tion of the nasogastric tube by Levin in 1921, a significant 
improvement was believed to have been achieved in the 
treatm2nt of patients following operation. Furthermore, 
Mclver et al.,* in 1926, theorized that postoperative ab- 
dominal distention was due to swallowed air, which in 
turn might be prevented by an indwelling nasogastric tube. 
Since that time, most surgeons have routinely used na- 
sogastric.decompression after most abdominal procedures 
largely due to accepted tradition. 

In 1963, however, Gerber challenged this practice by 
stating that nasogastric decompression was overused and 
that complications occurred from its use.” He made several 
observations: the loss of salivary and digestive secretions 
occurred after operation; adynamic ileus was a physiologic 
response to an operation; and the nasogastric tube did 
not stimulate peristalsis. This implied that the return of 
bowel function might, indeed, be delayed by nasogastric 


suction. ; 


Subsequently, several reports have appeared that ad- 
dress this controversy. Burg,° in a nonrandomized and 
retrospective study, found that 4% of patients required © 
decompression to relieve distention after elective intestinal 
operations. In addition, the author estimated that 63% of 
patients in his study could have been spared the discomfort 
and minor problems associated with nasogastric tubes. In 
a similar retrospective study involving elective colon re- 
section, Ibrahim et al.” managed 53 patients with de- 
compression and 23 without. Morbidity and mortality 
rates were low in both groups and the length of hospital 
stay did not differ. 

In several randomized, prospective studies of NG de- 
compression performed in 100 to 200 patients undergoing 
abdominal surgery,*"!' no significant differences in mor- 
bidity cates were found and no patient benefit to routine 
decompression was noted. 

A prospective study of prophylactic postoperative na- 
sogastric decompression was done by Cheadle et al.,!” with 
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the intent of studying Cimetadine™ (Smithkline and 
French Labs, Philadelphia, PA). The results of this study 
indicated that prophylactic decompression was unnec- 
essary, and that Cimetadine lowered nasogastric output 
on the first postoperative day, but did not prevent vom- 
iting. 

Recently, two additional studies have been published. 
One hundred thirty-eight consecutive patients undergoing 
elective colon and rectal resections were randomly as- 


signed to have a long intestinal (“Cantor”) tube before _ 


operation, a nasogastric tube placed during operation, or 
no gastrointestinal tube at all. There were no significant 
differences in number of postoperative complications, 
length of hospital stay, or duration of postoperative ileus 
found in these three groups.'? Racette,!* in a randomized, 
prospective study of 56 patients undergoing elective colon 
and rectal surgery, with 28 patients receiving nasogastric 
tubes, and 28 patients who did not, found more abdominal 
distention in the nondecompressed group, but found that 
46% of the decompressed patients had atelectasis versus 
17% of the patients who were not decompressed. Other 
parameters were not significantly different. 

Our study differs from previous studies in several ways. 
A large number of patients were enrolled, and only one 
variable (tube or no tube) was studied. No drugs pro- 
moting return of bowel activity were used. 

We have computed a cost (tube, suction apparatus, 
nursing time) of $150 for nasogastric decompression. In 
Group II, using this cost basis, $36,000 was saved in 221 
patients not routinely receiving postoperative nasogastric 
decompression. In the entire series, almost $65,000 could 
have been saved by eliminating routine decompression. 
If needed, a tube can be placed fairly easily without un- 
toward patient discomfort by first anesthetizing the na- 
sopharynx and oropharynx with Lidocaine spray (Roxane 
Labs, Columbus, MO) and Cetacaine spray (Cetylite In- 
dustries, Pennsauken, NJ). 

In summary, while there was a significant increase in 
nausea, vomiting, and abdominal distention in the group 
of patients who did not undergo postoperative nasogastric 
decompression, there was no difference in major com- 
plications. Indeed, 87% of patients not having routine 
postoperative nasogastric decompression never required 
postoperative nasogastric intubation. Five per cent of pa- 


DISCUSSION 


Dr. FORREST DEAN GRIFFEN (Shreveport, Louisiana): It is my pleasure 
to discuss this landmark work and to support the concept that nasogastric 
decompression is frequently unnecessary in colon and rectal surgery. 

My mentor and associate, Dr. Charles Knight, and I have been using 
nasogastric decompression selectively for some time now, but we have 
been a little concerned that the colon or rectal anastomosis without na- 
sogastric suction might be at increased risk for complications. The data 
presented here today at last reassures us that our concern has no basis. 

Stimulated by this manuscript, I decided to review our most recent 
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tients undergoing routine postoperative nasogastric de- 
compression required reintubation, for a differential of 
8% between the two groups. Therefore, most patients after 
colon and rectal surgery do not require postoperative na- 
sogastric decompression. We were unable, however, to 
discern any predictive factors for the small group of pa- 
tients who would require NG decompression. We con- 
cluded that routine use of a nasogastric tube is uncom- 
fortable for the patient, expensive, and unnecessary in the 
great majority of patients and, therefore, should be elim- 
inated as a routine procedure in elective colon and rectal 


surgery. 
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100 consecutive circumferential colon and rectal anastomoses without 
protective colostomy, emergent and elective, to focus on what one might 
expect to occur out of protocol in a typical surgical practice. You will 
notice that I have changed the exclusion criteria to focus on the anas- 
tomosis rather than the ileus. Our cases are slightly weighted toward low 
anterior resection because of our interest in the double stapling technique 
(Slide 1). There were 27 cases treated with nasogastric decompression as 
part of their initial care, leaving 73 without tubes (Slide 2). All but 5 of 
the 27 patients with tubes would have been excluded from randomization 
in the Mzyo series because of the presence of perforation (7), obstruction 
(5), GI bleeding (1), fistula (2), adhesions (2), gangrene (1), and prior 
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ostomy (4). Our group of 73 patients treated initially without nasogastric 
tubes was somewhat sicker than the patients in the Mayo Clinic’s series, 
because 20 would have been excluded from randomization for the same 
reasons. All of the perforations in our cases were contained abscesses or 
sinuses because free perforations are not candidates for anastomosis 
without diversion. All obstructions were either associated with right 
hemicolectomy or the obstruction was partial, allowing for adequate 
bowel preparation (Slide 3). One anastomotic leak occurred in the 27 
cases treated initially with NG suction. This was a patient with a perforated 
cecal diverticulum who after right colectomy and enterocolostomy de- 
veloped a perianastomotic abscess that required surgical drainage. The 
resulting fistula healed spontaneously. One leak occurred in the 73 cases 
treated initially without NG suction in a patient who, after low anterior 
resection, drained fecalent material through the drain site. The fistula 
healed without surgical intervention. Two deaths occurred, both with 
NG tubes and both were emergency cases in which death was related to 
organ-system failure without anastomotic complications. No deaths oc- 
curred in the group treated initially without NG decompression. Fourteen 
per cent of patients chosen for treatment without NG suction required 
delayed tube placement for ileus. 
I have a single question. What are you doing now? 


Dr. FRANCIS C. NANCE (Livingston, New Jersey): I do have a couple 
of quibbles with the way the authors conducted the study and would 
like to ask them to discuss these. Some of these were covered by Dean 
Griffen. 

The largest quibble I have is that more than one half of the patients 
potentially entered into the study were excluded, and I would have been 
much more happy with the study and much more pleased with it if they 
had tried to include virtually all their patients in their series, although I 
am sure there are some attending physicians-at the Mayo who would 
have not viewed that with great enthusiasm. 

The other is that their protocol called for the NG tube to be inserted 
during the operation, and if you are saving money, why use a nasogastric 
tube for the two or three hours of the operation and then remove it in 
the recovery room? If we are not going to use it, let’s not use it. 

And finally, I would like to reiterate Dean’s question because I think 
it is important. Has this study really changed the practice at the Mayo 
Clinic? 

Many of these studies are done, and they don’t seem to change our 
way of practice, and I wonder if this has actually changed the practice 
and whether you have any data about reduction in the use of the na- 
sogastric tube. . l 

I think it was a nice study mainly because I agree with it. 


DR. GARDNER W. SMITH (Baltimore, Maryland): As Dr. Woodward . 


said this morning about Dr. Beahr’s paper, it is always nice to have 
someone present data that supports your own personal prejudice. That 
is particularly true when the report comes from the Mayo Clinic because 
they always have incontestably huge numbers. 

Accordingly, it is with pleasure that I rise to congratulate Dr. van 
Heerden and his colleagues and indicate my enthusiasm for their con- 
clusions. On the other hand, I am a little hesitant to cite our own data, 
which is now quite preliminary, and which in any case will never achieve 
the volume of the data that was presented this afternoon. 


Nonetheless, we have recently initiated a similar prospective, random- l 


ized study of the use of nasogastric tubes, in this case involving not just 
colorectal surgery but for all elective abdominal operations. The exclusion 
criteria are much the same as those listed by Dr. van Heerden. While 
avoiding any mention of numbers, at this point I can say that thus far 
about one third of the randomized patients in our study have had co- 
lorectal surgery. About one half of them have had biliary tract surgery 
and the remaining patients are mostly aortic vascular procedures of one 
kind or another, with scattered odd operations tossed in as well. 

Thus far no patient randomized not to receive a nasogastric tube has 
required the postoperative insertion of one, and there has only been one 
pulmonary complication in that group so far. On the other hand, among 
the patients who have been randomized to recetve nasogastric tubes, just 
over 50% of them have developed either postoperative atelectasis or 
pneumonia. We have seen no other major complications in either arm 
of the study at this point. 
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With respect to what Dr. van Heerden referred to as minor problems 
such as abdominal distension, nausea, and vomiting, in our experience 
these have been equally common in both groups. I have to concede that 
this result may to some extent be related to the nursing care received by 
patiénts who have nasogastric tubes, but I would also point out that, in 
fact, both groups have responded well to antiemetic therapy. 

I conclude this discussion then by thanking Dr. van Heerden and his 
colleagues for reinforcing our prejudice even though they have clearly 
stolen our thunder. His conclusion that most patients do not need na- 
sogastric tubes is surely correct, and I anticipate that we will eventually 
be able to demonstrate the same thing. 

I do have just a few questions. In the first place, we have excluded 
patients who are on H2 Receptor blockers because of their effect on 
gastric secretory activity, and J wonder if this is a necessary exclusion. 

Second, we have been rather liberal in the use of antiemetic medications 
for patients in both arms of the study, and I wonder if you would consider 
that appropriate or not. Finally, it has been my qualitative observation, 
although I don’t have the numbers to prove it at the moment, that among 
those patients having similar operations, those randomized for nasogastric 
tube decompression seem to take longer to regain intestinal function 
than those who do not have a nasogastric tube. J wonder what your 
impression or experience has been in this regard as well. 


Dr. MICHAEL YARBOROUGH (Raleigh, North Carolina): When Dr. 
Wolff invited me to discuss this paper, I asked him if there were any 
particular points he would like me to address, and he said, no, not par- 
ticularly, that I could criticize him, I could agree with him, or I could 
simply say, “I thought I taught you better than that.” And I thought I 
had taught him better than this. 

However, I think at this point I can learn from him. 

I would like to congratulate Dr. van Heerden, Dr. Wolff, and their 
associates on what I think is an excellent paper. It is a very crisp study, 
and it certainly answers a question that I have had in my own mind for 
a long time. It comes up every week or so in making rounds on post- 
operative colectomies—on the third or fourth day when the NG tube 


“~hasn’t drained anything, the patient is complaining, and you wonder if 


the tube is really doing any good. I think they have provided an answer 
to the question. 

I do think, though, that the key here is exercising good judgment in 
patient selection. I certainly think that their exclusion criteria are im- 
portant to keep in mind for the average practicing surgeon, like myself. 
The patient with many adhesions or intra-abdominal sepsis or other 
such problems is not the candidate for nondecompression. 

I have simply three questions for Dr. Wolff. Number one, I would 
like to know if he has ever had an NG tube in himself. 

I would also like to know if he thinks there is a role in these patients 
for the use of Metachlorpromide. And last, in that rare instance that we 
have all experienced when the operation just went as slickly as boiled 
okra but somehow there is an anastomotic disruption about the ninth 
or tenth postoperative day, is Dr. Wolff going to help to defend us when 
the plaintiff attorneys have us by our throats? 


Dr. BRUCE WOLFF (Closing discussion): Dr. Griffen, this study arose 
out of a conversation Dr. van Heerden and I had at this meeting 4 years 
azo, and I won’t try to convince you that either of us lacked preconceived 
notions about the outcome. Dr. van Heerden’s bias, of course, was that 
you didn’t need NG tubes, and my bias, on the basis of my training, 
was that we should routinely put NG tubes in these patients. As you see, 
Dr. van Heerden won this little bet, and as a matter of fact, I have 
changed my practice. I no longer routinely put NG tubes in patients. I 
follow the criteria of exclusion that are listed for that, and most of my 
colleagues have joined me in that as well. 

Dr. Nance, the 1391 patients who were declared “eligible” is misleading 
because “eligible” is actually not a correct term. The surgeons listed as 
authors performed that number of operations during that 2.5-year petiod, 
and I apologize for specious language. Many of those patients weren't 
eligible. There were emergency operations, and many of those patients 
were excluded for reasons of obstruction, perforation, and so forth. A 
number of those patients, as you might expect, refused to participate in 
the study as well. 
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We approached a patient with the idea that nascgastric decompression 
was our routine practice and many patients said, “If that is your routine, 
that is what I want. I don’t want to participate in the study.” 

The third group or category was based on the fact that we simply 
forgot to ask patients to enroll in our study; but the 535 patients who 
were enrolled, I think, are very representative of our practice, and if we 
look at the results in these operations, as far as wound infection rate, 
age, diagnosis, type of operation, and so forth, it tallies very nicely with 
the other studies we have done within the institution. I don’t think this 
is a select group of patients, and is very representative of our practice. 

The use of the NG tube intraoperatively is a habit, and you are right, 
it is an added expense. It costs $6.60. I think it is worth that to deflate 
the stomach, particularly after a patient has had a Golytely® prep, which 
we are using now. There is still quite a bit of air and fluid in the stomach 
and duodenum at the start of the operation, and we like to remove this 
fluid and proceed with the operation in a more uncluttered field. 

Dr. Smith, I am glad to see that you are doing your own study, and 
I look forward very much to seeing the final results of that work. You 
mentioned respiratory problems in 50% of patients. There is a study by 
Racette et al. from Kansas, a small study, nevertheless prospective and 
randomized, and he found that the patients with nasogastric decompres- 
sion had a large percentage, 46%, of patients with atelectasis. In the 
group that didn’t have the tube in his study, he only found 17% who 
had similar pulmonary problems. 
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H2 blockers have been studied recently at Louisville by Drs. Cheadle, 
Vitale et al., and they found that the addition of cimetidine, in the hope 
of cutting down gastric secretion, did that only the first day after operation 


` but did not affect the incidence of vomiting. There were 4 groups, 2 with 


cimetidine and 2 without cimetidine, with tube and without, and it didn’t 
make any difference among the groups. 

There has been a small study by Nemer with metaclopromide used 
in two thirds of his patients. It was a small study of 65 patients. Meta- 
clopromide didn’t seem to help either group (with or without tube) but 
Nemer felt that 90% of his patients could have gotten by without na- 
sogastric decompression. 

Dr. Smith, the return of function for the bowel in both of these groups 
in our study was 94 hours as a mean, so we didn’t find any difference at 
all in those two groups. 

Dr. Yarborough, since you asked, yes, I did have a nasogastric tube 
inserted last week by one of my residents just to anticipate a question 
like that. Let me tell you, it was very uncomfortable. I had a pharyngitis 
for two days. I think there is a way that you can place nasogastric tubes 
in patients after operation by anesthetizing the oropharynx and naso- 
pharynx with cetacaine spray and then 4% Lidocaine spray in the nares. 
This makes this insertion not nearly so uncomfortable for an awake 
patient as it might seem, and we have started to use these anesthetics. I 
think the data speaks for itself, and I would be happy to participate in 
any defense you may need. 





Demography of Penetrating Cardiac Trauma 





MICHAEL J. NAUGHTON, M.D., PH.D.,“ ROBERT M. BRISSIE, M.D.,t FALMER Q. BESSEY, M.D.,¢ 
MICHAEL M. MCEACHERN, B.A., M.S.,* JOSEPH M. DONALD, JR., M.D.,! and HENRY L. LAWS, M.D.* 


All cases of penetrating cardiac trauma'in 1985 and 1986 in 
Jefferson County, Alabama, where patients dying of penetrating 
trauma received autopsies, were retrospectively reviewed. All 
_ hospitals in the county plus the single coroner’s office provided 
the records of the 72 patients comprising ‘this study. Incidents 


occurred most often in the home or residence (70%) by a known - 


assailant (83%) due to domestic/social disputes (73%). Frequency 
was greatest in the evening hours (73% between 6:00 PM and 
3:00 AM), on weekends in spring and summer. Victims tended 
to be male (86%), black (72%), married (46%), blue collar work- 
ers (62%). There were 41 (57%) gunshot wounds, 3 (4%) shotgun 


wounds, and 28 (39%) stab wounds with an associated mortality | | 


rate of 97%, 100%, and 68%, respectively. Prehospital mortality 
rate (dead at the scene) was 54.2% (39/72), and death on arrival 


was 26.4% (19/72), for a combined pretreatment mortality rate - 
of 80.6%. All patients who arrived with no vital signs died. Mor- 


tality appeared to be related to mechanism of injury, age, race, 
sex, vital signs on arrival, number and specific cardiac chambers 
injured, associated major vascular injury, hematocrit, and mode 
of transportation. Mortality was not related to caliber of weapon, 
ethanol level, transport time, time from arrival to operation, or 
transfusion requirements. There were only ten survivors (1 gun- 
shot wound and 9 stab wounds), all of whom had ventricular 
-injuries and no associated major vascular injuries. The ten sur- 


vivors represented a 71.4% (10/14) salvage rate for. those victims . 


arriving with vital signs. Complications occurred in three patients. 
Hospitalization averaged 7.3 days in the survivors. Penetrating 
cardiac trauma remains a serious, socially linked disease with a 
high rate of mortality. Rapid transport, aggressive resuscitation 
and cardiorrhaphy remain the best treatment. 


P 


hospital mortality. Immediate death is due to 
exsanguination, cardiac tamponade, coronary ar- 


tery laceration, disruption of essential conduction path- 


ways and major valvular injuries. Individuals with con- 
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ENETRATING CARDIAC INJURY carries a high pre- . 


= 


From Carraway Methodist Medical Center,* Jefferson County 
Coroner's uel University Hospital, and South Highlands 
Hospital,", Birmingham, Alabama 


trolled hemorrhage or tamponade who are admitted to 
hospitals with available surgical personnel have a favorable 
progncsis. However, the progressive shift from sharp 
pointed to edged weapons ‘to more lethal low-velocity _ 
handguns makes immediate survival less probable. Bullets - 
can result in more extensive cardiac tissue injury and 
multiple chamber involvement than hand-driven pene- 
trating weapons. The present study reviews in retrospect 
social demographics, mechanism of i injury, prehospital 


‘course. treatment, and results of penetrating cardiac 


trauma in a major southeastern. county. 


Materials and Methods | 


All cases of penetrating caidiag trauma in Jefferson 
County, Alabama for 1985 and 1986 were retrospectively 
reviewed. Jefferson County (population 676,100) includes 
Birmirgham (population 277,510) as its major city. The 
county population is 47% male, 66% caucasian, and 33% 
black. Regional unemployment for 1985 to 1986 was ap 


-proximately 7%. 


Penetrating cardiac EEE T. wounds (Gsws), 
shotgun wounds (SGWs), and stab wounds (SWs)-—from: 
all county hospitals and the single county coroner pro- 
vided a study group of seventy-two cases. Traumatic 
deaths received careful autopsy and detailed investigations 
of the events surrounding the fatality. Data obtained from 
records included age, sex, race, occupation, marital status, 
time sequence of events, assailant identification, motive 
of assault, location of incident, weapon used and related 
specifics, mode of transportation, time from injury ‘to ar- 
rival tc hospital (transport time) and from arrival to treat- 
ment, initial status on admission, injuries sustained, : 


y™ 
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TABLE 1. Demographics of Victims 

Age (years) 
Range 17-87 
Mear 35 

Sex (M:F) 62:10 

Race (B:W) 52:20 

Marital Status n Jo 
Married 32 46 
Single 26 38 
Divorced 7 10 
Widowed 4 6 

Occupation 
Blue collar 39 62 
White collar 5 8 
Unemployed 17 a wed 
Retired 2 3 


treatment, outcome, complications, and associated dis- 
ease. | 

Seventy-nine per cent (26/33) of cases were transported 
to a Level I trauma center. Resuscitation was carried out 
by surgical and emergency room personnel in well-orga- 
nized trauma rooms implementing ATLS protocol. 
Emergency room thoracotomy was performed in the 
trauma room for patients whose conditions were so critical 
as to preclude transport to the operating theater. More 
stable patients with suspected cardiac injury and survivors 
of emergency room thoracotomy received definitive care 
in the operating suite. 


Results 


Seventy-two cases of penetrating cardiac trauma were 
reviewed. The demographics are summarized in Tables 
l and 2. Victims were often young (average age, 35 years), 
black (72%), male (86%), blue collar workers (62%). Sev- 
enty-four percent of victims were less than forty years old. 


‘Married individuals accounted for 46% of the cases while 


single (38%), divorced (10%), and widowed (6%) victims 
comprised the remainder. Survivors were young (average 
age, 31 years), males with an equal number of each race. 
None of the 10 female victims survived. There were no 
survivors in the 11 patients older than 50 years of age. 
A review of the data established dates and times of 
greatest incidence. Assaults occurred most frequently in 
the evening and early morning hours (83% between 3:00 
PM and 3:00 AM), toward the latter part of the week 
(62% during Thursday, Friday, or Saturday), in the warm- 
weather months (69% during March to August). Incidence 
was low around dawn (2% from 3:00-AM to 6:00 AM), 
midweek (4% on Wednesday), and in January (1%). 
The injuries occurred in the city of Birmingham proper 
in 71% (48/68) even though only 41% of county inhab- 
itants reside within the city limits. The home or immediate 
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TABLE 2. Age and Associated Mortality 


Age (years) Number Survivors (mortality %) 
17-20 8 2 (75) 
21-30 26 4 (85) 
31-40 e 19 1 (95) 
41-50 8 3 (65) 
>50 1] 0 (100) 


vicinity was the site of wounding in 70% (43/61), with 
business (8/61), social gathering (2/61), and street assaults 


l (8/61) representing the location in 30%. 


The assailant was known to the victim in 83% (44/53) 
of the cases where this information was available (Table 
3). A spouse or “significant other” was the perpetrator in 
70% (16/27) of known, specified, nonsuicide assaults. 
Suicides accounted for 8% (4/53) of cases. Only a single 
death due to a 5-mm pellet gun was termed an accident. 
The motive for assault was a domestic or social dispute 
in 73% (Table 4). 

Firearms and edged weapons were the only methods 
of inflicting cardiac wounds in our series. Gunshot wounds 
(GSW), shotgun wounds (SGW), and stab wounds (SW) 
accounted for 57% (41/72), 4% (3/72), and 39% (28/72) 
of injuries, respectively (Table 5). Associated mortality 
rate was 97% (40/41) for GSWs, 100% (3/3) for SGWs, 
and 68% (19/28) for SWs. GSWs involved the use of 
handguns (usually with barrel length less than 4 inches) 
in all but two cases (a .22-caliber rifle and a 5-mm pellet 
rifle). Popular calibers were the .38/357 (17/39) and .22 
(8/39), with a combined frequency of use of 65% (Table 
6). All injuries were inflicted at close range (less than 10 
m). Victims averaged two gunshots each with a maximum 
of six shots, even though 41% (17/41) received a single 


-projectile and 37% (15/41) were shot twice, accounting 


for 78% of all GSWs. GSWs were so frequently lethal that 
mortality rates did not appear to be related to caliber or 
the number of gunshots. Only one GSW victim arrived 
with vital signs present. All shotgun wounds were single- 
shot, close-range injuries and were uniformly fatal. 

The 28 stabbing victims were stabbed an average of 4 
times with a range of 1 to 71 stabs. Single stabs (19/28) 
and two separate stabs were observed in 68% and 11% of 
cases, respectively. 


TABLE 3. Identity of Assailant 


Assailant N % - 

Known 44 83 
Husband, wife, “significant other” 16 30 
Relative 7 13 
Known, not specified 17 32 
Self 4 8 


Unknown 9 17 
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| TABLE 4. Motive of Assault 


Motive aa N oO % 


Domestic* | 23 483 
_ Socialt , . 16 - 30 
Self defense ) 1 2 
Suicide ' 4° > Ds 
Other 9 © 418 
* Intrafamily. 


t Nonfamilial, interpersonal conflict. 


r 


Transportation to hospitals occurred in 33 of 72 victims 
(46%). Thirty-nine were recognized as dead on the scene 


(DOS). Nineteen (26.4%) were dead on arrival. Prehospital 


mortality rate, DOS. plus DOA, was 80.6% (58/72). 
Transport was by ground ambulance (22/33), M.D. staffed 
helicopter (6/33), or personal vehicle (5/33), with respec- 
tive mortality rates of 76%, 33%, and 100% (Table 7). 


Paramedical personnel were usually the first medical con- . 


tact. Transport times (interval from injury to emergency 
room arrival) ranged from 14 to 61 minutes, with an av- 
erage interval of 34 minutes in the 15 patients for whom 
information was available. Transport times of less than 
30 minutes produced 1 survivor of 7 and times greater 
than 30 minutes had 2 live of 8 victims demonstrating — 
similar survival rates. 

Patients arriving at the trauma rooms were evaluated 
for vital signs as part of the physical exam. Blood was 
` obtained for hematocrit, arterial blood gases, ethanol level, 
and other laboratory determinations. County coroner 
cases usually received blood screens for drugs including 
` ethanol. All 19 patients arriving without vital signs died. 
Three of six patients with initial systolic blood pressures 


less than 90 mmHg survived. Seven of eight patients with . 
systolic pressure of 90 mmHg or more lived. Overall sur- 
vival for penetrating heart wounds was 14% (10/72). He-' 


‘matocrits ranged from 10% to 50%, with an average of 
30%. Theré were no survivors with an initial hematocrit 
below 20%. Three of ten patients with hematocrits from 


20% to 30% lived, while one half of victims with higher . 


values survived. Ethanol was present in 59% (41/69) and 
levels ranged from 20 mgm/dl to 287 mgm/dl (average, 
151 mgm/dl). Table 8 displays data that suggest a lower 
survival in those without alcohol. Drugs other than 


ethanol were identified in five of forty-eight coroner cases. . 


. No conclusions could be drawn regarding the effect of 


TABLE 5. Mechanism and Mortality — 


Mechanism Number (%) .. Survivors, ©: Mortality % 
GSW 41 (57) 1 97 
SW 28 (39) 9 ~ 68 

' SGW 3 (4) os 100 - 


NAUGHTON AND OTHERS | 


i 
- Ann. Surg. Ħ June 1989 


TABLE 6. Firearms 


5 mm pellet 1 2 
NAR 8 21 
25 3. 8 
32 Se. 13 
380 ‘ 4 10 
.38/.357 ae 44 
45 1. 2. 


illicit substanbes because only victinis who died were tested 
for those substances. . | 
For the 23 persons who received treatment (9 consid-- 


_ ered DOA), the time from arrival to surgical intervention 


averaged 26 minutes with a range of two to 90 minutes, ' 
with the exclusion of one seven-hour delay. Operative 
exposure was by anterolateral thoracotomy (15/23), me- 
dian sternotomy 5/23), and thoracoabdominal approach 
(3/23). Repair was usually done with interrupted 2-0 or 


- 3-0 pledgeted polypropylene (Prolene®) suture and was 


attempted in 21 cases with ten survivors. 

Blood transfusions of whole blood and/or packed red | 
blood cells were performed in 17 cases, averaging a total 
requirement of 8.5 units. Survivors averaged 8.4 units of 
these blood products. Two survivors required no blood. 
Autotransfusion and cahon inona es y were. not 
used. 

Cardiac i injuries e single and multiple chambers . 
with the associated mortality rate are shown in Table 9. 
Left and right ventricles'had similar frequencies of injury . 
(31 vs. 29%) and mortality rate (82 vs: 76%). The right 
atrium was wounded approximately three times as often 
as the. left, but all atrial wounds were fatal. Multiple- 
chamber involvement was seen in 28% (20/72), with only 


a single : survivor (left ventricle and right ventricle). Mor- 


tality rate appeared related to the number and specific 


cardiac chamber injured. 


Associated major vascular injury (aorta, vena cavae, - 
major pulmonary vessels) shown in Table 10, and specific 
system injury (respiratory, gastrointestinal, etc.) shown in 
Table 11, were evaluated at surgery and/or autopsy. The 
incidence of concomitant injury.was high, with thoracic 
structures being involved most often. Damage to the de- 
scending ‘aorta was seen in 6 cases, to the left lower lobe 


In 28, and to the diaphragm in 19 cases. Concomitant 


`- TABLE 7. Transportation and Mortality 


` Transportation _ a N % Mortality (%} 
Ground Ambulance 2 6 76 
Air Ambulance 6 19 i 33 


Personal Vehicle 3 -15 100 
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TABLE 8. Alcohol Levels and Mortality 


Blood Alcohol N % Survivors Mortality % 
None RB E eS 93 
OETOH < 100 mg/dl 10 14 i . 90 


>100 mg/dl 31 45 Gis 81 


lung injury occurred in 69% of victims. Rate of mortality 
appeared directly related to associated injuries. There were 
no survivors of heart and associated major vascular injury. 

Five postoperative complications were identified in 
three patients. There were no reported wound infections. 
Hospital stay ranged from 5 to 11 days, with a mean of 
7.3 days. ! 

Autopsies were performed in 58 cases. Victims averaged 
169 Ibs in weight and 69 inches in height. Average heart 
weight was 350 grams. Ten of 54 victims examined had 
coronary artery disease (stenosis greater than 25%) in I 
to 4 major vessels with LAD involvement in all 10. Pul- 
monary emphysema was observed in three autopsies while 
55 were reported to be free of pulmonary disease. 


Discussion 


The present study serves to define the social and ana- 
tomical characteristics of penetrating cardiac trauma dur- 
ing 1985 and 1986 for the most populous county in Al- 
abama. The young, black male was the most common 
victim, a profile supported in previous studies of urban 
penetrating trauma in the United States.'* There are a 
myriad of possible reasons for the violence that ‘plagues 


young innercity blacks, which include a tendency toward: 


physical resolution of disputes, a “machismo” attitude 
that makes retreat difficult, high unemployment, and 
readily available weapons on person or premise. A high 
percentage of victims in our study were assaulted by 


spouses and “significant” others in residential settings and - 


were due to domestic disputes. It follows that this means 


a large number of assaults were carried out by females. A. ` 


TABLE. 9. Anatomy and Mortality of Cardiac Wounds- 


Mortality 
Chamber Injured ` N’ % Survivors |: (%) 
LV +22 31 4 82 
RV 21 29 5 76 
_RA 7 10 0 - 100 
LA 2 3 0 | 100 
LV + RV 9 12 i 88 
RA + LV e 3 , 
rege eT T T 
RA + LA + LY Í i 
RA + RY 1 15 0 100 
RA + LA + RY 1 yo 
RA + RY + LV l T 
LA + RY + LY 1 | 
 RA+LA+ RY +LV 2 
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TABLE 10. Associated Major Vascular Injury 


Aorta 
Thoracic 
Ascending 
Descending 
Abdominal 
Hepatic-renal' 1 


CN lad 


Vena Cavae 
Superior ` 1 
Inferior 

Hepatic to heart 
Retrohepatic 


— fa 


| Pulmonary trunk 


w w 


Pulmonary artery, main 
. Pulmonary vein, main ` 1 


Pulmonary artery, lobar 2 


common scenario was that of unpremeditated homicide 
after the assailant had been acutely (often chronically) 
physically abused. These altercations typically occurred 
in the late evening hours of the weekend during warm 
weather- months, a situation house officers know only too 


‘well. Alcohol has been found to be present in victims in 


a number of civilian cardiac trauma studies.*° The present 
study did not demonstrate increased incidence of death 
as a function of ethanol level. The finding of additional 
drugs in only five of the coroner’s cases suggests that these 
play a small role in most deaths in Jefferson County. Oth- 
ers have found drugs to be a factor in a large percentage 
of urban homicides.* 


wa 


TABLE 11. Associated System Injury 


“System . n System n 
Respiratory (N = 49) Nervous (N = 4) 
RUL 8 Brain (non-lethal) 4 
RML. l 8 Spinal cord 1 
RLL 11 Peripheral nerve 1 > 
LUL : ` 20 
LLL 28 
Gastrointestinal (N = 12) Skeletal (N = 32) 
Esophagus 4 Thoracic cage 17 
Stomach 3 Pelvis ] 
_Jejunum 3: Pectoral girdle 5 
leum 3 Cranium 5 
-Colon 4 Vertebra 4 
Femur ] 


Solid Organ (N = 13) 
Liver 
Spleen 
Kidney 
Pancreas 


Urogenital (N = 3): - 
Ureter © $ 
Bladder 
Uterus 
Testes 


-A 
m B Un SD. 


i 
pi pů ph p 
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` TABLE 12. Injuries 
Year 
of 
Report SW GSW Shotgun 
_ Lyons and Perkins’* 57 14 
Harvey and Pacifico™ 72 34- 
Marshall, Bell and Kouchoukos”™ 84 ` 32 15 
Present series "88 28. 4l 3 


* Limited to patients reaching hospital. 


A trend in wounding agents toward firearms and away | 
from edged weapons is noted when comparing this series ` 


to ones previously reported from Birmingham*” (Table 
12). Others have noted the same shift.2-!1 GSWs were 
extremely serious in our patients because only | of 41 


victims survived. Short barreled .22 and .38/357 caliber 


pistols were the most popular guns and produced near- 
uniform incidences of death. Experience with gunshot 
wounds is not generally so bleak.*’ The lethality of these 
low velocity weapons and shotguns result in part from 
dispersal of most of-the kinetic energy of the projectiles 
in the heart and in the associated multiple- -system in- 
jury. 21012.13 

Jefferson County EET list 37,000 handgun permits 


_ for 1986, although registration is not required for own- 


ership. In the 2 years comprising this study there were 
302 deaths due to firearms in Jefferson County. Firearms 


‘were used in three of four homicides. Handguns were re- 


sponsible for 92% of these.* In the United States, firearm 
ownership is viewed as a constitutional rightand gun con- 
trol is a politically unattractive alternative. The large dis- 


tribution of handguns and our acceptance of their place - 


in society means that these weapons will continue-to be 


important in the resolution of domestic and social conflict. 
.We feel that the discontinuation of easy access to’ short- 


barrelled handguns would result in less firearm injuries. 
Firearm injuries are expensive, with 85% of the approx- 


imately $1 billion annual cost being paid by public | 


sources.’ One must question whether gun ownership i is 
a constitutional right or a social burden. - . 

Multiple wounds were inflicted in 59% of GSWs and 
32% of SWs, indicating the importance. of a thorough 
physical examination. Even patients presenting in ex- 
tremis should be rapidly scrutinized for multiple wounds. 
Survival was higher for stab wounds in the present series 
in agreement with previous studies.’-”!> Associated injury 
and extent of cardiac damage are usually, less for knife 
injuries. ‘ 

Transportation of victims was generally by ambulance 
to one of the county’s two trauma centers. Transport time 


was comparable to previous reported times.!° Initial med- 


* Jefferson County Coroner’s office, unpublished data. 
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ical contact was by paramedics except for those individuals 
dropped off at the emergency room door by personal ve- 


'hicle. We advocate a “scoop and run” policy once an 


adequate airway has been established. The benefit of ex- 
pedient transport and surgical treatment has been previ- 
ously documented.'”!® Our pretreatment mortality rate 
of 80.6% is in general agreement with previous published 
studies, 1°12 We were unable to demonstrate the benefit 
of rapid transport, probably because of our small sample 
size. A lower mortality rate for air transport cases could 
be due to a more stable patient and M.D. assistance. 

_ The prognostic value of vital signs was apparent in this 
study and others.”'''®?!-** There were no survivors who 
arrived lifeless in this, series. Occasionally, victims without 
vital signs can be salvaged if they are quickly treated.?*?°.6 
Survival! was inversely related to the degree of shock. Eti- 
ologically, the shock may be secondary to tamponade and/ 
or hemorrhage. A degree of tamponade prevents exsan- 
guination and is more common in survivors.°7*?7-?9 _ 
Small wounds such as those caused by ice picks and those ` 
that are. ventricular im location may be self-sealing. 

Hematocrits were obtained during basic resuscitation. 


Although acute values may not reflect true vascular def- 
icits, this work shows an increased rate of mortality with 


low hematocrits. Blood was usually required, which em- ' 
phasizes the need for available blood products. 

Evaluation of the anatomy of injury revealed approx- 
imately equal frequencies of right and left ventricular in- 
juries, as has been observed by others.*? >? The ‘higher 
incidence of right atrial wounds than left atrial wounds 
reflects anatomical position in relationship to anterior as- 
sault. The uniform rate of mortality from atrial wounds 
in our cases isnot commonly reported. ”!%7923:27 It: may 
be that the thin atrial walls do not spontaneously seal 
easily. In fact, atrial wounds are uncommon without other 
cardiovascular injury. This is in striking contrast to blunt 
heart injuries, in which survival of atrial disruption is bet- 
ter even though ventricular rupture is probably more. 
common.**** The size of the cardiac. wound, chamber 
injured, and size of pericardial defect are important de- 
terminants of the rate of tamponade: There was only one 
survivor of multiple-chamber injury; and high ciate, 
for these injuries is common.?!3? ~ 

Associated vascular and nonvascular trauma is ieee 
always present. !®!1%13-38 Heart injury plus associated major 
vascular injury resulted in death in our group, but sur- 
vivors have been reported.” The lungs were involved more ° 


frequently than any other adjacent organ; left injuries were 


more common than right; inferior lobe lesions predom- 
inated. This pattern of injury is appropriate for a right- 
handed assailant carrying out frontal attack on the an- 


- terior, inferior mediastinum. Except for the triangle of. 


Veitch and transabdominal penetration, all cardiac 
wounds should be associated with pulmonary injury. 


a 
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Postoperative complications were present in one half 


of the victims in our group. The low incidence of wound 
infections has been noted by others.”*?!** A multitude 
of complications are possible with cardiac wounds.'*'64*! 
Hospital stay is usually short, presumably due to the young 
age of the patients, a selection process by the injury, and 
a low incidence of pulmonary and heart disease supported 
by autopsy findings. 

Many Americans resort to violence as a method of 
conflict resolution. The wide availability of handguns to 
everyone, almost anywhere in America, encourages the 
shift from edged weapons to more lethal guns. Heart 


` wounds will probably become even more common. The 


great majority of heart wounds, especially those from guns, 
are fatal. Short of prevention, transport to prepared 
trauma centers offers the best chance for salvage. Prompt 
intervention by an organized staff is necessary for a suc- 
cessful outcome. Survival is uncommon for victims ar- 
riving without vital signs. 
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DISCUSSION 


Dr. HERBERT B. WREN III (Texarkana, Arkansas): Congratulations 
to the authors on this interesting study. Many of us have had the op- 
portunity of caring for patients in similar population groups. This stim- 
_ ulated my memory to recall the cases of two patients that I would like 
to briefly share with you. 

The first open heart procedure done i in the State of Louisiana was 
performed by Oscar Creech—the late Oscar Creech, Jr., a member of 
this Association—in 1956 on a patient who had sustained a penetrating 
cardiac injury from a stab wound. He subsequently developed a ven- 
tricular septal defect that Creech and his associates repaired. 

The patient did well, and lived for another 2 or 3 years only to succumb 
to a gunshot wound from another violent altercation. 

The second patient presented in the emergency room in Texarkana 
after having collapsed while lifting a roll of barbed wire. The barbed wire 
fell against his chest, and it was thought that part of the wire had pen- 
etrated his chest and his heart. l 

However, meshed in the wire was found a long piece of glass that had 
` penetrated his chest and his right ventricle. This was repaired, and the 
patient did very well, but within 2 or 3 days he developed what was 
thought to be a characteristic cardiac murmur of ventricular septal defect. 

Dr. Creech was consulted and agreed to take the patient who was 
transported from Texarkana to New Orleans. A ventricular septal defect 
was found and repaired. This was not long before Creech’s death. It was 
somewhat a curious coincidence that the first and last cardiac procedures 
performed by Oscar Creech were traumatic ventricular septal defects. 

I would like to ask the authors if they had among the autopsies or 
among the survivors any evidence of ventricular septal injury in their 

cases? 


Dr. PANAGIOTIS N. SYMBas (Atlanta GA): I would like to congratulate 
Dr. Laws and his associates for their excellent study and thank them for 
allowing me to review their manuscript earlier. 


The demography of the patients who died from penetrating cardiac 


wounds in Fulton County, Atlanta, whose population is about 650,000, 
during a 2-year period 1986 to 1987, was quite similar to that of the 
authors, 

However a retrospective review of our 10 years’ experience with the 
in-hospital management of penetrating cardiac wounds at Grady Me- 
_ morial Hospital suggests, contrary to the author’s statement in the paper, 
that any in-hospital delay from the patient’s arrival to thoracotomy results 
in an increase of incidence of mortality no matter what the patient’s 
hemodynamic status is at the time of arrival. During this 10-year period 
we treated 113 patients, first in the emergency room and then in the 
operating room for thoracotomy. 

Of the 50 patients of the hypotensive Group I patients who did not 
respond to the initial treatment, 7 arrested before thoracotomy, and all 
of them died. 

More important from the 8 normotensive Group II patients, 3 arrested 
before the thoracotomy and all of them died. 

Reviewing our overall mortality rate, it was 14.4% for those who did 
not arrest before thoracotomy versus 70% for those who did arrest. 

I would like, therefore, to ask the authors if the different conclusion 
that they have reached, concerning the significance on the mortality rate, 
if the time from arrival to operation may have been influenced by the 
small number of patients (14) that they treated. 


Dr. WATTS R. WEBB (New Orleans, Louisiana): I would like to con- 
gratulate the authors on a fine presentation and on the ability to coordinate 
this massive amount of data and demographics from a large number of 
regional hospitals. 

I had the opportunity to review the manuscript, and I assure you it is 
filled with a great deal of data that is important to us. 

They found, as we have, both in New Orleans and previously in Dallas, 
that primarily it is a young man, macho, unemployed, in hot weather 
who will get into difficulty. 

Their demographics are amazingly similar to those we found in Dallas 
s from the Parkland Hospital some 20 years ago, and particularly where 
some 80% of the combatants were dead before they arrived at the hospital. 


It is important to look at the demographics because they do change. _ 
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If you recall the reports from Baltimore by Dr. Blalock, and from 
Ailanta by Dr. Elkin, nearly 50 years ago, you remember that they had 
an extremely high survival rate just treating their patients with pericar- 
diocentesis, but that was because the combatants used primarily ice picks 
which, of course, caused very little damage to the heart. 

There is a shift just in the past decade. In New Orleans we have seen 
a tremendous shift away from the sharp instruments, even more toward 
guns and now nearly all of the weapons are high caliber and automatic. 
Most of the patients have been peppered with mule shots not only 
to the heart but to other organs as well. 

We have also found that there has been a shift away from domestic 
violence toward criminal violence, primarily related to the drug traffic, 
and I suspect the other seaport towns have seen a similar change. 

Alcohol has not played a great.role in this series, and I doubt that it 
can be demonstrated when you have such a lethal assault on the victims 
and also small numbers. We found many years ago that you really did 
not see much hemodynamic change from alcohol until the blood level 
reached about 250 milligrams per cent. This means a rapid intake of a 
full six pack, or about three double Scotch and sodas or something of 


that nature. 


On the other hand, we suspect that the ethanol did play a great role 
in the original cause in increasing the social aggressiveness and the rate 
of response, so it probably affects the cause rather than the result. 

One very interesting aspect I noticed is that none of the women who 
were victims survived. I am sure there is a hidden message here, but I 
don’t believe I dare comment on that further. 

I would like to ask the authors how many of the assailants were women, 
I wonder if those data are available. 


Dr. DAVID V. FELICIANO (Houston, Texas): The authors have re- 
minded us that 3 of every 4 victims of penetrating cardiac injuries es- 
sentially die at the scene or in transit, but that 3 of every 4 victims 
arriving with some vital signs at a competent trauma center will leave 
that center without problem in 7 days. Their data have also reaffirmed 
the importance of most of the five major factors that have consistently 
affected survival in patients with penetrating cardiac injuries. First, the 
mechanism of injury. Victims of gunshot wounds have always done 
poorly because they often have larger holes or two holes as compared to 
those with stab wounds. Second, the speed of transport to the trauma 
center because both tamponade and exanguinating hemorrhage must be 
treated immediately. Third, the magnitude of the cardiac injury. Fourth, 
the quality of resuscitation in the emergency center. Experienced trau- 
matologists know that elevating the empty heart is dangerous, that keeping 
the heart warm probably preserves the rhythm, and that the overuse of 
inotropes will tear even the most secure repair. And, fifth, the number 
of associated injuries. 

I have three questions for the authors. Were you able to determine 
the cause of death, namely, tamponade versus exanguination, and com- 
pare the incidence of these in the 62 patients who died andthe ten 
patients who lived? Second, why are your transport times so long in 
Birmingham—an average of 34 minutes in [5 pattents? Have you at- 
tempted to improve this since you obtained this data? And finally, in 
your view of the autopsies, might any of these deaths have been prevented 
by more rapid transit to the hospital or by better surgical care in the 
emergency center? 


Dr. HENRY L. Laws (Closing discussion): I appreciate the remarks 
of the various discussants. 

Dr. Wren, the individual I projected with the tattoo on his chest pre- 
sented early one afternoon, and the resident called and said, “Dr. Laws. 
we are going to the operating room with a stab wound of the heart,” and 
I said, “Well, how do you know this heart is injured?” And he said, 
“Well, he has got instructions.” That was the tattoo. 

I thought the resident was a little impudent. until I saw that, but the 
reason I wanted to elaborate on that case is indeed he had to come back 
about two months later and have an intraventricular septal defect fixed. 

In our cases, 27% had multiple injuries, and we really don’t have the 
long-term follow-up on those ten patients, but as far as I know, not one 
of them had an intraventricular septal defect that had to be repaired. 
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Dr. Symbas, those were beautiful slides. You are to be commended 
for your scholarly critique of your own information. 

I think that the wounding agents used in Atlanta and Birmingham 
almost look as if they overlap. 

We definitely believe that early intervention is important. We just 
couldn’t prove that, and we have a strong bias that that is certainly the 
case. 

When we embarked on this study, Dr. Webb, we hoped that we would 
be doing better with modern transport and all those things than the series 
that you people reported in Dallas with that enormous number of cases. 

Certainly the hand-driven weapons in that series were seen at about 
the same frequency as we have seen in Birmingham 20 years later, but 
we are catching you. We are catching you. 

I thought your remarks about the ethanol were very interesting. 

Dr. Feliciano, we think transport is very important, and I believe this 
is emphasized by the Lebanon experience of Zahari in which they had 
a a six-minute transport time. That can work for you on the good side 
or on the bad side depending on whether you get a lot more sick patients 
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who aren’t allowed to die before they get to the hospital. Our transport 
time is from the time of injury until the time that they arrive, and perhaps 
34 minutes is long. It works out that the people who were transported 
by helicopter for whatever reason the helicopter was called, actually had 
a little better rate of survival in an inconsequential number of patients. 
And their transport time was somewhat longer. 

I do think that speed of transport and, certainly as pointed out by Dr. 
Symbas, attention to early operation is important, although we were not 
able to actually document that. 

Dr. Feliciano, as far as going over the autopsy series, maybe we could 
have tried to sum up what the coroner said as far as tamponade and 
hemorrhage, but we didn’t critically review that. 

Certainly most of our survivors had tamponade. More of our survivors 
had tamponade than exanguination. 

I would certainly like to thank all the discussants and 1I would like to 
thank the Southern Surgical! Association for allowing us to present these 
data. 
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We reported previously in a randomized double-blinded study- 
in 20 postoperative coronary bypass patients that hypertonic 
saline (1.8% NaCl, HS) provides early hemodynamic benefits, 
increased osmolality and net negative fluid balance compared to 
0.9% NaCl (NS). To investigate the effects of HS on the. hor- 
monal response to injury, we measured ACTH, cortisol, angio- 
tensin II (AII), aldosterone, vasopressin (AVP), and atrial na- 


triuretic factor (ANF) in these patients. ACTH and cortisol con- | 
centrations increased in the NS group but were suppressed in- 


the HS group (p < 0.05). Aldosterone increased in NS patients, 


but was suppressed in HS patients (HS: A Aldosterone 13,0 


+ 3.0 vs. NS: A Aldosterone 26.0 + 7.0 ng/dl, p < 0.05). The 
_ Ali response was suppressed at six and eight’ hours (p < 0.05) | 

in patients receiving HS but did not change in patients receiving — 
- NS. ANF did not change significantly for either group. The sig- 
nificant increases in AVP were similar in both groups (p < 0.05), 
but correlated with increases in osmolality only in the NS group 
(r = 0.8, p < 0.009). Other than AVP; HS suppressed the re- 
sponses of some of the hormones that normally increase in re- 
sponse to injury, relative. to NS. Attenuation of the neuroendo- , 
crine response and other previously reported effects of HS sug- 


gest that HS may be an efficacious solution for resuscitation i in 


the postoperative and postinjury period. 


HE NEUROENDOCRINE SYSTEM, as characterized 


by stimulation of the pituitary-adrenal cortical, 
renin-angiotensin-aldosterone and sympathetic- 
adrenal medullary axes responds in a graded fashion to. 
an increasing intensity of a stimulus.!? ACTH and cortisol 


increase in response to pain, hemorrhage, and hypotension — 


and promote blood-volume restitution.’ Angiotensin II 
(All) and aldosterone concentrations increase following 
hypovolemia and are necessary for sodium conservation, 
blood pressure maintenance and Og vorum teenlatign 
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following injury. Both hypovolemia and: ‘hyperosmolality 
stimulate AVP release, which acts to maintain blood 
pressur2*.and conserve free water ane may also ‘be im- 
portant for blood-volume restitution.’ Atrial natriuretic 
factor (ANF) correlates directly with atrial wall tension 
_and therefore hypervolemia® and hemorrhage*® stimulate 
the release of ANF. | . | 
Complete blood-volume restitution 1s, required to ter- 
minate the hormonal response to injury.” Fluid therapy 


_ . following surgery is designed to maintain stable hemo- 


dynamic parameters, offset third space losses and enhance’ 
blood-volume restitution, A form of therapy that is more ` 
efficien: ‘than normal. ‘saline in restoring blood volume 
and maintaining blood pressure might attenuate the neu- 
roendocrine response following surgery. We reported pre- 
viously a double-blinded, randomized study in which hy- 
pertonic saline (1.8% NaCl, HS) was equally effective as 
0.9% NaCl (NS) in the initial fluid management of patients 
following surgery. Use of HS was associated with decreased > 
volume-of infusion, early negative fluid balance, decreased 
third space losses, and increased osmolality compared to 
isotonic saline.® These’ effects could be beneficial to pà- 


` tients following surgery and might affect the neuroendo- — 


crine response to injury. To compare the ability of HS to 
attenuate the neuroendocrine response following surgery 
to that of NS, we measured ACT H, cortisol, AII, AVP, 
aldosterone, and ANF during the early postoperative pe- 


riod. 
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Materials and Methods 
Patient Selection and Operative Procedure 
- Patieats scheduled to undergo only myocardial revas- 


cularization were recruited’ for the study. Those patients 
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with any metabolic (except diabetes mellitus), hepatic, 
pulmonary, or renal diseases were excluded. The protocol 
for this study has been described previously. Informed 
consent was obtained from all patients prior to entry and 
this study was approved by the Rhode Island Hospital 
Human Subjects Review Committee. 

Patients were fasted the night before surgery. General 
anesthesia was induced with fentanyl (50 to 100ug/kg iv), 
and in some patients, it was maintained with inhalational 
enflurane (0.5% to 1.0%). Lidocaine (100 mg iv) and pan- 
curonium bromide (20 mg) were administered for cardiac 


stability and muscle relaxation, respectively. Surgery was ` 


performed by one surgeon. All peripheral and central 
monitoring lines were placed during operation. Nonpul- 
satile cardiopulmonary bypass was used and flow rates 
were adjusted to maintain aortic pressures between 50 
and 80 mmHg. 


Study Solution Infusion Protocol 


Patients were randomly assigned to receive either 0.9% 


: normal saline (NS: 154 mEq/l Na+, 154 mEq/l CL-, cal- 


culated osmolality; 308 mOsm/kg) or 1.8% hypertonic 
saline (HS: 304 mEq/l! Na+, 304 mEq/l! Cl-, calculated 
osmolality; 608 mOsm/kg) as the study solution for the 
initial 24-hour period following surgery in the surgical 
intensive care unit (SICU). HS was prepared on the day 
of surgery by adding 150 meq of NaCl to each liter of 
0.9%NS. Physicians and nurses directly involved in patient 
care did not know the identity of the solution, and the 
code was not broken until after the end of the study. The 
study solution infusion was begun approximately one hour 
after SICU arrival to allow adequate time for clinical as- 
sessment, baseline measurements, and stabilization. Study 
solutions were infused at 100ml/hbr initially and subse- 
quent rates were adjusted to maintain hemodynamic sta- 
bility. Optimal hemodynamic status was defined as sys- 
tolic blood pressure between 100 mmHg and 140 mmHg, 
heart rate between 70 and 120 beats per minute (bpm), 
and pulmonary capillary wedge pressure (PCW) between 
8 mmHg and 15 mmHg. Blood products, crystalloid so- 
lutions, and pharmacologic agents were given according 
to predetermined algorithms. 


Hormone Analysis 


Radial arterial blood was sampled and collected in tubes 
containing EDTA (10.5 mg/7-ml sample), placed on ice, 
and centrifuged at 0, 2, 4, 6, and 8 h following arrival to 
the SICU. The plasma from these samples was stored at 
—60 C until analyzed. 

Plasma ACTH was assayed by direct radioimmunoas- 
say using an antibody generated against a conjugate of 
ACTH 1 to 24.2 The antibody reacts completely with 
ACTH 1 to 39 and ACTH 6 to 24, but not with either 
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the N-terminal end (ACTH 1 to 13) or the C-terminal 
end (ACTH 18 to 39) of the ACTH molecule. Intra- and 
interassay coefficients of variation for plasma pool with 
an ACTH concentration of 30 pg/ml were 8.4% (n = 3) 
and 7.9% (n = 2 assays) and for a plasma pool of 200 pg/ 
ml were 3.8 (n = 3) and 11.7% (n = 2), respectively. The 
sensitivity of the assay was 9.7 pg/ml (ED = 0.97 pg/ 
tube). 

Cortisol was assayed in unextracted plasma by direct 
radioimmunossay using a commercially available kit 
(Cambridge Medical Technology, Billerica, Massachu- 
setts). The intra-assay coefficient of variation for a [Oug/ 
di pool was 9.5%. The sensitivity of the assay was 0. l 5ug/ 
dl. Aldosterone was also measured by direct radioim- 
munoassay in unextracted plasma using a commercially 
available kit (Diagnostic Products Corp, Los Angeles, 
California) The intra- and interassay. coefficients of vari- 
ation for a plasma pool of 15 ng/dl were 11.6 and 10.6%, 
respectively, and the assay had a sensitivity of 2.12 ng/dl. 

Angiotensin II was measured in extracted plasma by 
radioimmunossay using antisera supplied by Dr. Gantin 
as described previously.!° The antiserum cross reacts 100% 
with AII and less than 1% with AI and saralasin. The 
sample concentrations were calculated based on an ex- 
tracted standard curve (Synthetic AII, Bachem Chemicals, 
Torrance, CA). Intra- and interassay coefficients of vari- 
ation for a plasma pool of 20 pg/ml were 8% and 14%, 
respectively. The sensitivity of the assay based on dis- 
placement of 10% of maximal binding was 3 pg per tube. 

Atrial natriuretic factor (ANF) was measured by direct 
radioimmunoassay in extracted plasma using a Cig sep- 
aration column (Bond Elut™, Analytichem International, 
Harbor City, CA). The samples were dried and reconsti- 
tuted in sodium phosphate buffer. Rat atriopeptin II 
(Peninsula Laboratories, Belmont, CA) was used as the 
standard. Immunoreactive ANF was assayed with anti- 
body to a-human atrial natriuretic peptide (Peninsula 
Labs, Belmont, CA) and I'?°-rat atrial natriuretic peptide 
(1-28, New England Nuclear, N. Billerica, MA). The assay 
crossreacted with several atrial peptides, including rat 
atrial natriuretic peptide (ANP, 100%; ANP,8—33 90%; 
ANP, 18-28 57%; rat atriopeptin I, 27%; auriculin A, 10%; 
and rat atriopeptin I, 3%). No cross reactivity was observed 
with somatostatin, oxytocin, or arginine vasopressin. 
Trace was added 24 hours after the addition of antibody 
and was diluted into assay buffer such that 3000 counts 
per tube were delivered in 100u]. One day after adding 
trace, the bound fraction was separated from free labeled 
hormone by addition of anti-rabbit immunoglobulin G 
from goat and carrier rabbit serum. One milliliter of sep- 
aration buffer (assay buffer plus Triton-X) was added to 
each tube prior to centrifugation. The supernatant was 
aspirated and the pellets were counted for 15 minutes. 
Intra- and interassay coefficients of variation for a plasma 


_ AVP (pg/ml) 


ACTH (pg/ml) 
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TABLE 1. Hormone Concentrations at Time 0 


NS HS 


ACTH (pg/ml) ‘18.8 + 6.9 67.5 + 16.5 (p < 0.02) - 
Cortisol (ug/dl) 6.74 1.5 - 174425 (p<0.01) 
Aldosterone (ng/dl): 8.0 + 2.0 90 F202 «ns ° 
All (pg/ml) 23.8 + 5.5 19.3 +45 > ns , 
‘ANF (pg/ml) 95.0 + 18.0 122.04 15.0 - ns 

5.8 + 1.9 7.0+0.9 ‘ns 


pool with an ANF concentration of 95 pg/ml were 5.87% 
(n = 10) and 8.69%(n = 2), respectively. Sensitivity of the 


assay allowed for detection of 34. 0 pg/ml (EDs = = 3.4 pg/ 


tube). 
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B- Time(h) 


Fics. [A and B. {A) The ACTH response following cardiopulmonary 


‘bypass. ACTH concentrations increased only in patients receiving NS, 


but peak concentrations did not differ between groups. The elevated 
concentrations of ACTH at time 0 in the HS group correlated only with 
the time of day (greater in the afternoon). (* = p < 0.05 response from 


, time 0,'t = p < 0.05 treatment effect for HS vs. NS) (B) Subset of the 
` HS group with time 0 ACTH concentrations equal to the ACTH con- - 


centrations in the NS group. The ACTH response was suppressed: in 


patients receiving HS (* = p < 0.05 response from time 0; ¢ = p < 0.05 . 


treatment effect for HS ys. NS). 
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Arginine vasopressin was measured in extracted plasma 


_by radioimmunoassay using antiserum provided by Dr. 


Alan Robinson.!! Intra- and interassay coefficients of 


variation for a plasma pool with an AVP concentration 
of 25 pg/ml were 7.9% and 12.6%, and for an AVP pool. 


of 150 pg/ml they were 7.5% and 6.8%, respectively. The 
EDso for the assay was 0. 33pg/tube. 


Data Analysis 


4 


i Data were analyzed on a digital computer by two-way - 


analysis of variance (ANOVA) corrected for repeated 
measures over time.'* Individual means within treatment 


‘groups were compared with one another using the New- - 


man-Keuls method and Dunnett t-test. The ACTH, AVP, 
and AII values were subjected to logarithmic transfor- 
mation before analysis because of skewed distribution. 
Resting hormone concentrations were compared with one 
another using nonpaired Student’s t-test. Linear regression 
analysis and the nonparametric Spearman rank test were 


_ used for correlations (Stat View.SE®, Abacus Concepts, 


Berkeley,.CA). Data are presented as the mean + standard 
error of. the mean (SEM). Differences were considered 
significant at p < 0.05. 


Results Tap : 


t 


- Twenty patients entered the study. Nine patients were - 


randomly assigned to receive NS, and eleven patients re- 
ceived HS. These patients did not differ in past medical 
history, preoperative medications, anesthesia, surgery, or 
intraoperative fluid. management. Four patients in the 
HS group had noninsulin-dependent diabetes mellitus 
(NIDDM) without. associated complications (retinopathy, 


i neuropathy, or nephropathy). No patient received peri- 


operative steroid therapy.or had evidence of any endocrine 
abnormality other than NIDDM. We reported previously 


that. patients who received HS required less volume (p - 


< 0.05), were in negative fluid balance (p < 0.05), and 
had increased osmolality (p.< 0. 05) compared to patients 


| who received NS.’ 


Hormone Analysis | 


ACTH and cortisol concentrations were significantly 
greater,in the HS: group at time 0 (p < 0.05) (Table J). 


_ These differences were not attributed to differences in pa- 


tient age, past medical. history, medications, anesthesia, 
temperature, intraoperative volume of infúsion, or any 


hemodynamic variable (HR, MAP, PCW, SVR, or CI). 
. Cortisol directly correlated with duration of cardiopul- 


monary bypass (r = 0.497, p < 0.04), but ACTH showed 
no such relationship. The ACTH concentrations at time 


O were greater in patients undergoing surgery in the af- A 


ternoon than in the morning (AM: 27.2 + 7.5, n = 14; 
ys. PM: 88.2 + 25.2 pg/ml, n = 6; p < 0.05). The con- 
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Fics. 2A and B. ‘A) The cortisol response following cardiopulmonary bypass. The cortisol concentration increased in both groups, but with a greater 
change from time 0 in patients receiving NS. The elevated cortisol concentrations in HS patients at time 0 correlated with length of cardiopulmonary 
bypass (r = 0.497, p < 0.05) but not with any other variable evaluated. (*p < 0.05 response from time 0) (B) Cortisol response following cardiopulmonary 
bypass in the sukset of patients from Figure 1B. The cortisol concentrations at time 0 did not differ. There was a significant response in the NS group, 
but not in the HS group. (* = p < 0.05 response from time 0; f = p < 0.05 treatment effect for HS vs NS). 


centrations of vasopressin, angiotensin JI, aldosterone, and 
ANF did not differ between groups at time 0 (Table I). 

The response (change from time 0) of ACTH following 
surgery was significant in the NS group at all time points 
(p < 0.01) but not in the HS group (Fig.1). Because the 
concentration of ACTH differed at time 0, we analyzed 
a subset of the HS group (n = 5) that included only patients 
with ACTH concentrations equalling those of the NS 
group at time 0. The response of ACTH in the group as 
a whole (Fig. 1A) and in the subset (Fig.1B), was sup- 
pressed with HS infusion (p < 0.05). The response of cor- 
tisol was significant for both groups (p < 0.01) (Fig.2). 
However, in the subset of patients described above, the 
cortisol response was suppressed with HS infusion (p 
< 0.05) (Fig.2B). 

To determine if the elevated concentrations of ACTH 
and cortisol at time 0 affected subsequent hormonal re- 
sponses, we compared time 0 concentrations of these hor- 
mones to subsequent responses. Neither maximal ACTH 
nor maximal cortisol concentrations correlated with time 
0 concentrations. To determine if a feedback mechanism 
might inhibit subsequent responses, we compared con- 
centrations of cortisol at time 0 to peak ACTH concen- 
trations. No correlations existed in either group at 2, 4, 
or 6 hours but a negative correlation occurred in the HS 
group only at 8 hours, a time after peak responses had 
already occurred (r = —0.73, p < 0.025). 

Aldosterone concentrations increased only in patients 
who received NS (p < 0.01). The aldosterone response 


-following surgery was suppressed significantly in the HS 


group (p < 0.05) (Fig.3). AII concentrations decreased 
significantly in the HS group (p < 0.05) and the response 
in the NS group was not significant (Fig. 4). 

We reported previously that urine output was high in 
both groups but did not differ significantly between groups 
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Fic. 3. The aldosterone response to cardiopulmonary bypass. Aldosterone 
concentration increased only in patients receiving NS, and did not in- 
crease in patients receiving HS. (* = p < 0.05 response from time 0, t 
= p < 0.05 treatment effect HS vs. NS). 
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Fic. 4. The angiotensin II response to cardiopulmonary bypass. The 


angiotensin II response was significantly suppressed in HS patients at six 


and eight hours. (* = p <0 05 response from time 0). 


(p < 0.075).® However, HS patients had a greater ratio of 
urine output to infused study fluid by 24 hours (1.27.+ 0.6, 
HS vs. 0.75 + 0.36 ml urine / ml study solution, NS, p 
< 0.04). Despite these differences, ANF did not change 
significantly in either group (Fig.5). 

Vasopressin concentrations increased -in both groups 
during the resuscitation period (p < 0.05) and the re- 
sponses did not differ (Fig.6). Osmolality increased in the 
HS group (p < 0.01) and peaked at 12 h (308.7 + 2.0 
mOsm/kg). However, vasopressin correlated with osmo- 
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FIG. 5, The ANF response to PE en rere bypass. ANF concentra- 


= tions did not differ between groups. 
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FIG. 6. The AVP response to cardiopulmonary ‘bypass. AVP concentra- 
tions increased in both groups and the responses were not different. (* 
= p < 0.05 response from time 0). 


Iality only i in the NS group es = 0. 8p <0. 009), and not 
| in the HS group. (Fig.7) 


ACTH correlated with ‘cortisol (r = 0.75, p< 0.001) | 
(Fig.8) and with AVP (r = 0.685, p < 0.003) at time 0. 4 
Over all time points, ACTH correlated with cortisol (r 
= 0.539, p< 0.0001) and with AVP (r = 0.727, p < 0.001} : 
but not with aldosterone ‘in the NS group. In the HS group , 
ACTH also correlated with cortisol (r= 0:51, p < 0.001) 
and with AVP (r = 0.43, p < 0.001). However, ACTH 
also correlated with aldosterone in the HS group (r = 0.47, 
p < 0.003). AII correlated with aldosterone only in the 


~_ 





NS group (r, = 0.49, p < 0.001) and not in the HS group. 
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Fic. 7. AVP) versus osmolality at six hours. Although AVP concentrations 


increased in both groups (p <0. 05) and osmolality: increased in the HS 


group (p < 0. 01), the increases in AVP correlated with increases in os- a 
molality only in the NS = ErOUR (r = 0.8, p < 0. 009). 
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Discussion 


Increases in ACTH, cortisol, AI, aldosterone, AVP, 
and ANF are all part of the neuroendocrine response to 
injury. These hormones increase in response to pain and 
hemorrhage’!? and are potentiated by prior stresses such 
as noxious stimuli!* and hypovolemia.!*!* The responses 
of some of these hormones can be inhibited through 
pharmacologic manipulation!™"? or through complete 
blood-volume restitution.’ 

Intravenous hypertonic saline successfully restores 
blood volume in patients following severe burns???), 
trauma,” and aortic surgery.” We recently reported 
that the use of hypertonic saline for resuscitation in pa- 
tients following cardiac surgery was associated with less 
volume infusion, early negative fluid balance and in- 
creased osmolality.’ The results of the present study sug- 
gest, in addition, that HS attenuates the neuroendocrine 
response following surgery. 

ACTH, cortisol, and aldosterone are suppressed prior 
to and during cardiopulmonary bypass under fentanyl 
anesthesia. The suppression is released following termi- 
nation of bypass and the concentrations of these hormones 
increase in the postoperative period.'®° This study ana- 
lyzed hormone concentrations following recovery from 
anesthesia and surgery, a period when concentrations were 
expected to increase. The expected tncreases occurred in 
patients receiving NS, but not in patients receiving HS. 

We designed this study to minimize bias that might 
affect interpretation of the results. We did not detect any 
differences between the groups prior to the study. We did 
observe significant differences between groups in the vol- 
ume of fluid required (less for HS, p < 0.05), in the volume 
of third space sequestered (Gecreased thoracic losses for 
HS, p < 0.05), and in the ratio of urine volume to infused 
volume (greater for HS, p < 0.05).® These differences were 
attributed to the use of HS and not to any other identifiable 
characteristic of either group. 

In the present study the greater concentrations of 
ACTH and cortisol at time 0 in the HS group did not 
correlate with any single underlying mechanism. Tem- 
perature,”° anesthesia (agent *”-*? and route,**** prior ad- 
ministration of corticosteroids,” and prior exposure 
to," or degree of trauma” affect initial and subsequent 
responses of ACTH and cortisol. Although we were unable 
to correlate the differences in hormone concentrations 
with these variables separately, it is possible that several 
variables acted collectively to increase postoperative con- 
centrations in some patients. Increased concentrations of 
ACTH at time 0 in the afternoon were unexpected*! and 
may have resulted from an altered circadian rhythm or 
from a phase shift in that rhythm.*° The correlation be- 
tween cortisol concentration at time 0 and duration of 
bypass suggests that some of the patients in the HS group 
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FIG. 8. Cortisol versus ACTH at time 0. Cortisol directly correlated with 
ACTH at time 0. (r = 0.75, p < 0.0001). 


were more stressed prior to the study or may have been 
in a more alert state following surgery. 

The elevated concentrations of ACTH and cortisol at 
time 0 in the HS group were not attributable to any vari- 
able, did not affect subsequent responses, and did not di- 
rectly attenuate the hormonal responses following surgery. 
Elevated hormone concentrations at time 0 have been 
reported to precede augmented responses.”° Despite ele- 
vated concentrations in the HS group at time 0, ACTH 
did not increase and the magnitude of the cortisol response 
was less in the HS group. Use of hypertonic saline was 
the only obvious difference between the two groups that 
could explain suppression of the ACTH and cortisol re- 
sponses, 

The responses of angiotensin II and of aldosterone dur- 
ing the postoperative period were also attenuated in pa- 
tients receiving HS. Although AII is implicated in the 
control of ACTH,” AVP,*** and adrenal medullary se- 
cretion,* increases in AL may adversely affect myocardial, 
gastrointestinal* and renal perfusion.'? Suppression of 
the AII response could increase perfusion to these areas 
and possibly improve outcome. The noted suppression of 
the AI response with HS might result from increased 
renal sodium delivery or augmented intravascular volume. 
Accordingly, HS might attenuate the response of aldoste- 
rone through increased renal sodium delivery, enhanced 
volume expansion, or through suppression of the ACTH 
and/or AII responses. 

AMF is a potent natriuretic agent when given in phar- 
macologic doses but has minimal natriuretic effects in the 
physiologic range.” ANF concentrations increase follow- 
ing hyperosmolality,’ following acute volume loading 
through atrial distension? and following hemorrhage 
through tachycardia.°” The ANF concentrations did not 
differ between groups in this study. Differences between 
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groups may have been lost through the presence of com- 
peting stimuli or possibly through prolonged atrial collapse 
during bypass. However, it is clear that the increased urine 
volume associated with infusion of HS did not result from 
an increase in ANF. 

The increase in AVP noted in both groups was expected. 
Both blood volumet”! and plasma osmolality?!’ are 
important determinants of AVP secretion. The correlation 
between AVP and osmolality in the NS group and the 
lack of correlation in the HS group concurs with results 
of others.*'5*°* Volume expansion by HS infusion inhibits 
osmotically induced secretion of AVP and may serve to 
stabilize the cardiovascular system against acute volume 
overload.*! Although increases in AVP, as with AH, could 
be deleterious to recovery through splanchnic vasocon- 
striction,” use of HS in this study did not increase the 
AVP response over that observed in the NS group. 

The correlations between ACTH vs. AVP and ACTH 
ys. cortisol were expected. Aldosterone correlated with 
ACTH in the HS group only and with AH in the NS 
group only. This suggests that ACTH is responsible for 
maintenance of aldosterone secretion during situations 
when angiotensin II concentrations are decreased. Phar- 
macologic inhibition of AII with captopril decreases the 
responses of these and other hormones (ACTH, AVP, 
epinephrine, and norepinephrine) to 20% hemorrhage in 
the anesthetized dog.'’ Whether AII is permissive or fa- 
cilitative for these hormonal responses is not clear, but 
inhibition of the AII response with HS infusion may aid 
in the attenuation of the ACTH, cortisol, and aldosterone 
responses following surgery. 

Suppression of hormonal responses by HS may also be 
mediated through hemodynamic improvement, enhanced 
blood-volume restitution, or through increased plasma 
sodium or osmolality. Both pulmonary capillary wedge 
pressure and cardiac index were greater in patients treated 


_ with HS at 2 and 0 to 1 h respectively." However it is not 


clear if the minimal hemodynamic improvement that oc- 
curred early in the study led to subsequent suppression 
of hormonal responses. Although patients were treated to 
maintain similar hemodynamic parameters, it is possible 
that subtle differences in blood-volume restitution me- 
diated differences in neuroendocrine responses. 

The infusion of HS was associated with attenuation of 
the ACTH, cortisol, aldosterone, and AII responses to 
surgery. The results of this study suggest that increased 
sodium and possibly enhanced blood-volume expansion 
immediately following surgery may attenuate some as- 
pects of the neuroendocrine response to injury. Together 
with equal or better hemodynamic profiles and decreased 
third space, these findings suggest that HS, in limited 
amounts, may be an advantageous solution i in the post- 
operative period. 
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DISCUSSION 


Dr. BASIL A. PRUITT, JR. (San Antonio, Texas): Dr. Gann and his 
colleagues have observed what they propose to be a beneficial attenuation 
of the hormonal response to injury in patients to whom they administered 
hypertonic salt as compared to patients to whom they administered nor- 
mal saline. 

The ability to restore blood volume and hemodynamic stability with 
a lesser infused volume is inherently attractive, and may well decrease 
the incidence of postoperative pulmonary complications that are such 
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To assist us in evaluating the significance of their observations, several 
questions require the consideration of the authors. 

The authors note a marked increase in ACTH and cortisol levels in 
the hypertonic saline group before the experimental intervention. The 
authors mention that subsequent group differences and the lack of further 
elevation of those hormones in the hypertonic salt group may simply 
reflect inability to respond to further stress and they promptly discard 
that possibility, but they have not really tested that possibility. 

The authors mention that the study began after stabilization in the 
surgical ICU. It would be interesting to know whether different amounts 
of fluids and salt were necessary to effect that stabilization. 
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Data regarding changes in blood volume and body weight throughout 
the study would be particularly helpful because, in addition to the test 
solutions, the patients also appear to have received variable amounts of 
blood, crystalloid solution, and pharmaceutical agents during the study 
period. 

The authors note that an increase in plasma osmolality is necessary 
for spontaneous blood-volume restitution. i 

(Slide) Infusion of hypertonic salt such as the authors have used results 
in salt-dose dependent changes in sodium concentration, ECF and ICF 
volumes. If the underlying mechanism for the changes observed by the 
authors was plasma-sodium-concentration related, I wonder whether 
the authors noted a specific correlation between changes in hormone 
level and salt concentration? 

Because steroids increase plasma levels of ANP, can the authors offer 
some explanation for the apparent dissociation of that relationship in 
the hypertonic salt group? l 

(Slide) There is currently much enthusiasm for the use of hypertonic 
salt for the restoration and maintenance of blood volume, but as is true 
for any drug, the potential advantages as shown here must be balanced 
against potential adverse effects, and definable limitations. 

(Slide) As a final question, I would ask whether the authors noted any 
- increase in the cere temperature of these patients because that 1s a known, 
presumably dose-related limitation. 

Because the dose of salt employed by the authors didn’t elevate serum 


sodium concentration to those limiting levels, perhaps their patients re- , 


-ceived too small a dose of hypertonic saline to elicit such an effect. 


Dr. DONALD S. GANN (Closing discussion): I will try to answer Dr 
Pruitt’s questions as well as I can. We don’t know, of course, if the 
patients who didn’t respond could have responded because they were, 
in fact, relatively well patients following cardiac surgery. Further inter- 
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vention did not seem warranted either to the surgeons involved or to 
the Institutional Review Board. However, that is why we chose to analyze 
the subset of patients who started out with the same control levels, and 
they clearly could respond. 

Furthermore, the maximum ACTH concentrations seen in injured 
humans are five to ten times those seen in this group of patients; so that 
it is doubtful that the values seen in these patients was the result of 
impaired reserve. 

There were no differences in fluid, blood, salt, colloid or drug admin- 
istration between the two groups in the period before the beginning of 
the study; and we have reported the absence of those differences in the 
first paper to which I referred. 

We did not measure blood volume directly. It is difficult for me to 
figure out how we might do that in patients who are draining significant 
quantities (on the order of several hundred cc. an hour) from their chest 
tubes so that there is no apparent steady state. The drainage, of course, 
has an hematocrit different from that of blood and that is variable with 
time. The selection of a tracer is not obvious to me, beside the obvious 
problems with the absence of a steady state. 

The salt concentration and hormonal levels are related only in the 
case of angiotensin II, and that is what one would expect. 

With respect to the elevated vasopressin concentration in the patients 
given hypertonic salt and in whom the relationship to plasma osmolality 
had disappeared, it is clear that pain as well as anxiety are important 
stimuli to vasopressin release. In these patients, as in the burn patients 
of Shirani and Pruitt, it may be that pain stimulation has, in turn, persisted 
and accounts for the so-called inappropriate ADH syndrome. 

Finally, the two groups of patients had no differences in core temper- 
ature. As Dr. Pruitt knows, such differences have been associated with 
hypertonic saline treatment in the reports of others. We did not find it 
here, probably because the concentration of sodium that we used was 
much lower than that used by others. l 






woe 0006-35" 






p 2 ml T 
i EP @h SC ot73.0362.38 i 
; incl ty Lantac® injec” 








ome 
ring ne hydrod 
A 1r 
k ALG iaiT 
phenol pres 
a W 


. Rew 
"te nie 


~ 








For a Brief Summary of Prescribing Information, please see last page of this advertisement. 


Only one 

H, antagonist 
controis pH 

for up to 12 hours 


on a single dose- 


PEPCID" I.V. (Famotidine, MSD) is indicated insufficiency (creatinine clearance <10 mL/min) 
in some hospitalized patients with pathological to adjust for the longer elimination half-life 
hypersecretory conditions or intractable ulcers of famotidine. All formulations of PEPCID are 
or as an alternative to the oral dosage forms for contraindicated in patients who are hypersensitive 
short-term use in patients who are unable to take to any component of these products. The adverse 
oral medication. | reactions reported for Tablets PEPCID may also 
eee n addition, transient = 
Dosing intervals may need to Bao alu a a AROTAN ction sit beenobserved > 
dosage reduced in patients with severe renal == with PEPI ee 


"or 
4 


Se 


ay 
. eg ‘ 
fe + ~ at eee 
can ao 
Fens i 
egy ye ey 
g 
, 





Copyright © 1987 by Merck & Co., Inc 


pH of Gastric Aspirate (geometric mean) 





0 


Baseline 1-2 5-6 7-8 
Time after Drug [hours] 


A double-blind, placebo-controlled study' above 4.0 at all time points throughout the 
involving eight volunteer hypersecretor subjects. 12-hour period with one 20-mg I.V. dose. 
The pH of gastric ap rates _— measured hourly 1. Ryan, J.R. et al.: Comparison of effects of oral and 
for 12 hours following single intravenous doses. intravenous famotidine on inhibition of nocturnal gastric acid 
PEPCID I.V. maintained the mean gastric pH secretion, Am. J. Med. 81 (Suppl. 4B): 60-64, October 24, 1986. 


ed ros TEn er E EGIN UCA z srk esr: 
WEE GS a: REE EEE ES OA HSER 


Fi — EONA 2 ee ss eI 
N INJECT ION, 20 mg/2mL 


= DEBT 7 


ql 2h hl 
Famotidine/MSD) 






















(R 





Pepa 





20 mg and 40 mg 
40 mg per 5 mL 


Contraindications: Hypersensitivity to any component. 


Precautions: General: Symptomatic response to therapy does not 
preclude the presence of gastric malignancy. 


Patients with Severe Renal Insufficiency: Longer intervals between 
doses or lower doses may be needed in patients with severe renal 
insufficiency (creatinine clearance <10 mL/min) to adjust for the 
ona elimination half-life of famotidine (see Clinical Pharmacology 
and Dosage and Administration sections of Prescribing Information). 


Information for Patients: The oral suspension should be shaken 
vigorously for 5 to 10 seconds prior to each use, and unused 
constituted oral suspension should be discarded after 30 days. 


Drug Interactions: No drug interactions have been identified. 
Compounds tested in man include warfarin, theophylline, phenytoin, 
diazepam, aminopyrine, and antipyrine. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In rats 

and mice given oral doses up to approximately 2,500 times the 
recommended human dose for active duodenal ulcer, there was no 
evidence of carcinogenic potential; at these doses in rats, fertility and 
reproductive performance were not affected. No evidence of a 
mutagenic effect was observed. 


Pregnancy: Pregnancy Category B—There are no adequate or 
well-controlled studies in pregnant women. Use during pregnancy 
only if clearly needed. 


Nursing Mothers: It is not known whether famotidine is secreted into 
human milk; however, it is secreted into the milk of lactating rats. 

A decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug 
to the mother. 


Pediatric Use: Safety and effectiveness in children have not been 
established. 


Use in Elderly Patients: No dosage adjustment is required based on 
age but may be necessary in severe renal impairment (see Clinical 
Pharmacology section of Prescribing Information). 


Adverse Reactions: The adverse reactions listed below have been 
reported during domestic and international clinical trials in 
approximately 2,500 patients. In the placebo-controlled clinical trials, 
the incidence of adverse experiences with PEPCID Tablets 40 mg at 
bedtime was similar to that with placebo. 


Incidence Greater than 1%: The following adverse reactions have 
been reported to occur in more than 1% of patients on therapy with 
PEPCID in controlled clinical trials and may be causally related to the 
drug: headache (4.7%), dizziness (1.3%), constipation (1.2%), and 
diarrhea (1.7%). 


Causal Relationship Unknown: The following other adverse 
reactions have been reported infrequently and within each category 
are listed in order of decreasing severity. The relationship to 
therapy with PEPCID has been unclear in many cases. Body as 

a Whole—Fever, asthenia, fatigue. Cardiovascular —Palpitation. 
Gastrointestinal—Cholestatic jaundice, liver enzyme abnormalities, 
vomiting, nausea, abdominal discomfort, anorexia, dry mouth. 
Hematologic— Thrombocytopenia. Hypersensitivity —Anaphylaxis, 
angioedema, orbital or facial edema, urticaria, rash, conjunctival 
injection. Musculoskeletal—Musculoskeletal pain, arthralgia. 
Nervous System/Psychiatric—Grand mal seizure; psychic 
disturbances including depression, anxiety, decreased libido, 
hallucinations; paresthesia; insomnia; somnolence. Respiratory— 
Bronchospasm. Skin—Alopecia, acne, pruritus, dry skin, flushing. 
Special Senses—Tinnitus, taste disorder. 


The adverse reactions reported for PEPCID Tablets may also occur 
with PEPCID Oral Suspension or PEPCID I.V.; in addition, transient 
irritation at the injection site has been observed with PEPCID I.V. 


AV block has been reported with other H,-receptor antagonists, but 
not with famotidine. 


Management of Overdosage: There is no experience to date with 
deliberate overdosage. Up to 640 mg/day have been given to patients 
with pathological hypersecretory conditions with no serious adverse 


Pepcic 


(Famotidine/MSD) (Famotidine for 
Oral Suspension|MSD) 


- Depcd IV 


(Famotiaine|MSD) 


20 mg per 2 mL 


effects. In the event of overdosage, treatment should be symptomatic 
and supportive. Unabsorbed material should be removed from the 
gastrointestinal tract, the patient should be monitored, and supportive 
therapy should be employed. 


Dosage and Administration: Duodenal Ulcer: The recommended 
adult oral dosage for active duodenal ulcer is 40 mg h.s.; most 
patients heal within 4 weeks, and it is rarely necessary to use the ful! 
dosage for longer than 6 to 8 weeks. A regimen of 20 mg b.i.d. is also 
Lipase For maintenance therapy, the recommended oral dosage is 
20 mg h.s. 


Benign Gastric Ulcer: The recommended adult oral dosage for 
active benign gastric ulcer is 40 mg h.s. 


Pathological Hypersecretory Conditions (0.9-, Zollinger-Ellison 
Syndrome, Multiple Endocrine Adenomas): The dosage varies 
with the individual patient; the recommended adult oral starting 
dosage is 20 mg q6h, but some patients may require a higher starting 
dosage. Dosages should be adjusted to individual patient needs and 
continued as long as clinically indicated; up to 160 mg q6h have been 
administered to some patients with severe Zollinger-Ellison 
syndrome. 


Oral Suspension: The oral suspension may be substituted for 
tablets. 


Directions for Preparing PEPCID Oral Suspension: Prepare 
suspension at time of dispensing. Slowly add 46 mL Purified Water. 
Shake vigorously for 5 to 10 seconds immediately after adding the 
water and immediately before use. 


Stability of PEPCID Oral Suspension: Unused constituted oral 
suspension should be discarded after 30 days. 


Intravenous Administration: In some hospitalized patients with 
pathological hypersecretory conditions or intractable ulcers or in 
patients who are unable to take oral medication, the recommended 
intravenous dosage is 20 mg qi2h. For preparation of intravenous 
solutions for injection or infusion and for compatible diluents, please 
see Prescribing Information. Parenteral drug products should be 
inspected visually for particulate matter and discoloration prior to 
administration whenever solution and container permit. 


Concomitant Use of Antacids: Antacids may be given 
concomitantly if needed. 


Dosage Adjustment for Patients with Severe Renal Insufficiency: 
In patients with severe renal insufficiency (creatinine clearance less 
than 10 mL/min), the elimination half-life of famotidine may exceed 
20 hours, reaching approximately 24 hours in anuric patients. 
Although no relationship of adverse effects to high plasma levels 

has been established, to avoid excess accumulation of the drug, 

the dosage may be reduced to 20 mg h.s. or the dosing interval may 
be prolonged to 36 to 48 hours as indicated by the patient's 

clinical response. 


How Supplied: Tablets, containing 20 mg or 40 mg famotidine, with 
hydroxypropyl cellulose, hydroxypropyl methylcellulose, iron oxides, 
magnesium stearate, microcrystalline cellulose, starch, talc, and 
titanium dioxide as inactive ingredients, in unit-of-use bottles of 30 
and unit-dose packages of 100; Oral Suspension, containing 40 mg 
famotidine per 5 mL after constitution with 46 mL Purified Water, 
with citric acid, flavors, microcrystalline cellulose and 
carboxymethylcellulose sodium, sucrose, and xanthan gum as 
inactive ingredients, and sodium benzoate 0.1%, sodium 
methylparaben 0.1%, and sodium propylparaben 0.02% added as 
preservatives, in bottles of 400 mg famotidine for constitution; 
Solution for intravenous injection, containing 10 mg famotidine per 
mL, with L-aspartic acid 4 mg, mannitol 20 mg, and Water for Injection 
q.s. 1 mL as inactive ingredients, and benzyl alcohol 0.9% added as 
preservative to the multidose vial, as 10x2-mL single-dose vials and 
as 4-mL vials. 


For more detailed information, consult your 

MSD Representative or see Prescribing Information. MERCK 
Merck Sharp & Dohme, Division of Merck & Co., INC., S 

West Point, PA 19486 


J7PE17R4-1(308) 





All Perforated Ulcers Are Not Alike 





JOHN HOROWITZ, M.D., JOHN S. KUKORA, M.D., and WALLACE P. RITCHIE, JR., M.D., PH.D. 


To determine if ulcer location and other clinical factors affect 


the hospital course and early outcome of patients with perforated 
peptic ulcers in the decade since the introduction of H, receptor 
antagonists, the records of 80 patients with perforated peptic 
ulcers were analyzed. Demographic factors, clinical features, and 
the outcome of patients with duodenal ulcer perforation were 
similar to patients with prepyloric ulcer perforation. In contrast, 
patients with gastric ulcer perforation had differing character- 
istics from the group with perforated pyloroduodenal ulcers. 
Overall, NSAID use preceded perforation in one half of the pa- 
tients; severe coexisting medical illness and a short interval of 
symptoms before perforation were seen in more than one half 
of patients. Gastric ulcer location, hemodynamic instability, 
greater degree of peritoneal contamination, and larger ulcer size 
were factors associated with increased rates of mortality. Overall 
mortality rate was 12.5% and rate of morbidity was 33%. Over- 
sewing with or without omental patch was the operation most 
commonly employed by a diverse group of surgeons. 


stomach have challenged surgeons since Mikulicz 

reported the first operative attempt to close a per- 
foration in 1880' and Heusen achieved the first successful 
operative closure in 1891.7 A declining incidence of peptic 
ulceration in the past two decades and the introduction 
of H,-receptor antagonists in the past decade, along with 
widespread endoscopic interventions has reduced dra- 
matically the number of patients requiring operative 
treatment for intractable ulcer pain, bleeding, or obstruc- 
tive complications. Nonetheless, the percentage of patients 
with ulcer perforation has not shown a similar decline, 
and surgical intervention for perforated ulcers remains 
the keystone of therapy.? 

This study examines the clinical characteristics, risk 
factors, operative treatments, and short-term outcome of 
a group of patients with benizn duodenal or gastric ulcer 
perforations treated since the introduction of H>-receptor 
antagonists. 


P ERFORATED ULCERS OF THE DUODENUM and 


P PEETER and reprint requests: John S. Kukora, M.D., 1245 
Highland, Ste. 600, Abington, PA 19001. 


The Departments of Surgery, Temple University School of 
Medicine, Philadeiphia, Pennsylvania, and the Abington 
Memorial Hospital, Abington, Pennsylvania 


Materials and Methods 


This study comprises a retrospective analysis of all pa- 
tients having diagnoses of perforated duodenal or peptic 
ulcer, perforated gastric ulcer, or perforated prepyloric 
ulcer at Temple University Hospital during the years 1975 
to 1985 and at Abington Memorial Hospital during the 
years 1980 to 1985. Patients with gastrinoma, marginal 
ulcer, perforated stress ulcer, or perforated malignant ulcer 
were excluded from the study. 

The following data were collected from hospital charts: 
age and sex of patients; presence of coexisting illness; 
presence of ulcerogenic factors, such as use of alcohol, 
tobacco, or nonsteroidal anti-inflammatory drugs 
(NSAIDs); prior history of gastroduodenal ulcer symp- 
toms or disease (intractable pain, bleeding, or gastric-outlet 
obstruction), and any previous operative or nonoperative 
treatment of gastroduodenal ulceration. Also noted were 
the duration of symptoms suggestive of perforation before 
operative intervention, the location and appearance of 
the perforation and amount of peritoneal contamination 
seen at operation, the type of therapy used for the per- 
foration (operative or nonoperative), and type of definitive 
ulcer operation whenever applicable. Treatment outcome ` 
was measured by recording deaths (intraoperative or 
within 30 days), postoperative complications, and length 
of hospital stay. 

The size of ulcers was measured as the diameter of the 
ulcer in millimeters. Ulcers were classified as acute (the 
duration of symptoms was less than 3 months) or chronic 
(the duration of symptoms exceeded 3 months). Hemo- 
dynamic instability at the time of presentation was defined 
as a systolic blood pressure less than 90 mmHg or an 
orthostatic decline of systolic blood pressure by more than 
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TABLE 1. Duodenal (DU) vs. Prepyloric (PU) Ulcer Perforation 
DU PU p Value 

Number 39 10 
Mean age 54+ 3 SIE NS 
Male:Female 2.3 1.5 NS 
Delay in therapy 

<12 hours 67% 96% NS 

>12 hours 33% 10% NS 
Mean ulcer size (mm) 642 746 NS 
Associated symptoms 18% 20% NS 
Acute presentation 54% 40% NS 
Mean extent of 

contamination 

score 2.0 1.9 NS 
Tobacco use 28% 50% NS 
ETOH use 23% 50% NS 
NSAID use 46% 70% NS 
Complications 33% 20% NS 


Mortality rate 8% 0% ‘ NS 


10 mmHg. A delay in treatment was defined as an interval 
greater than 12 hours until definitive therapy from the 
suspected time of perforation. A scale was used for grading 
contamination at operation ranging from no evident con- 
tamination (0), to an abscess with frank pus (4), with in- 
termediate categories for cloudy fluid (1), fibrinous exu- 
date (2), or free pus or major food contamination (3). 

Analysis of patient groups and outcome groups was 
performed using chi-square analysis, Student’s t-test, and 
analysis of variance (ANOVA). The characteristics of pa- 
tient groups having perforated duodenal ulcer (DU), pre- 
pyloric (Type IJ) ulcer (PU), and gastric (Type I) ulcer 
(GU) were analyzed to determine whether the groups were 
similar or dissimilar. Outcome was analyzed with respect 
to patient age and sex, presence of coexisting illness, lo- 
cation, size, and chronicity of ulceration, presence of ul- 
cerogenic factors, the estimated duration of perforation 
before definitive treatment (greater or less than 12 hours), 
the extent of contamination, and the specific therapy 
chosen. 


TABLE 2. Prepyloric-Duodenal (PDU) vs Gastric (GU) 
Ulcer Perforation 


PDU GU © p Value 

Number 49 31 
Age 54 +3 63 +3 <0.05 
Male:Female 2.1 0.6 <0.05 
Delay > 12 hours 29% 55% <0.05 
Mean ulcer size (mm) 9.9 + 2.1 29.7 + 6.5 <0.01 
Associated symptoms 18% 61% <0.05 
Acute presentation 51% 74% <0.05 
Tobacco use 33% | 10% <0.05 
ETOH use 29% 26% NS. 
NSAID use 51% 48% NS 
Mean extent of 

contamination score 1.8 + 0.2 1.8 + 0.3 NS 
Hemodynamic instability 6% 33% <0.05 
Complications 36% 26% NS 
Mortality rate 6% 23% <0.05 
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Results 


A total of 80 patients who fulfilled the inclusion criteria 
of the study were collected, 43 from Temple University 
Hospital and 37 from Abington Memorial Hospital. 
Thirty-one patients had a diagnosis of GU, 39 had DU. 
and ten patients had PU. 

To test the hypothesis that PU patients share similar 
characceristics with DU patients, the group of ten patients 
with PU were compared with the group of 39 patients 
with DU as shown in Table 1. No significant differences 
were found between the two groups in age, sex, delay be- 
fore th2rapeutic intervention, ulcer size, and percentage 
of patients with associated ulcer symptoms. Likewise, no 
significant differences were found between the two groups 
in the following: frequency of acute versus chronic pre- 
sentation; percentage of tobacco, alcohol, and NSAID 
users; extent of intraperitoneal contamination; and rates 
of complication or mortality. The data support the hy- 
pothests that PU patients are similar in many character- 
istics to DU patients. 

For purposes of further analysis, the two similar groups 
(PU ard DU) were combined into a larger group of 49 
patients (PDU) that was compared to the group with gas- 
tric ulc2r perforations (Table 2). Significant differences in 
many characteristics were encountered. The mean age of 
GU patients was nearly a decade older. Male patients out- 
numbered female patients by 2 to 1 in the PDU group 
whereas females predominated in the GU group. Delays 
in therapy exceeding 12 hours were more common in the 
GU grcup. The size of the perforated ulcer was strikingly 
larger in the GU group, as was the percentage of patients 
having associated ulcer symptoms or complications. PDU 
patients tended to have more chronic symptoms than did 
GU patients. Tobacco use was more commonly encoun- 
tered in PDU patients, but use of alcohol and NSAID 
was similar for both groups. Complications of therapy 
were similar for both groups, but mortality was nearly 
four times greater in GU patients. The extent of contam- 
ination at operation was similar for both groups. 

The ten patients who died were compared to the 70 
who survived, as shown in Table 3. The overall mortality 
rate of 12.5% was correlated significantly with increasing 
age, ulzer size, hemodynamic instability, and gastric 
(rather zhan duodenal or prepyloric) location. More delays 
in therapy exceeding 12 hours and greater contamination 
were observed in the group of patients who died, but the 
ditferences from the surviving group were not statistically 
significant. The hospital length of stay was significantly 
longer for those who died. 

Only nine patients in the study took cimetidine (or 
other H>-receptor antagonists) át any time prior to the 
onset of perforation, and this small group did not allow 
further meaningful analysis. All patients with prior ci- 
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TABLE 3. Factors Affecting Mortality 
Lived Died p Value 

Number 70 10 (12.5%) 
Mean age 57.1 62.5 NS 
Delay > 12 hours 31% 50% NS 
Mean extent of 

contamination score 1.8 2.4 <0.05 
Mean ulcer size (mm) 12+3 3149 <0.05 
Hemodynamic instability 12% 40% <0.05 
% with GU 44% 70% <0.05 
NSAID use 51% 40% NS 
Acute presentation 61% 70% NS 
Definitive operation 20% © 20% NS 
Length of stay (days) I7+4 20S <0.05 


metidine therapy had chronic ulcer symptoms that char- 
acterized 45% of the total 80 patients. 

Coexisting medical illness was characteristic of two 
thirds of patients, as shown in Table 4, but did not cor- 
relate significantly with ulcer location, patient age, mor- 
bidity or mortality rates. 

The operations used in each group of patients are sum- 
marized in Table 5. The small number of patients having 
definitive ulcer operations did not allow meaningful anal- 
ysis of outcome in comparison to those who had a rapid 
oversewing or omental patch closure of the perforation. 


Discussion 


Despite the overall reduction in incidence of peptic ul- 
cer disease in recent decades and the introduction of H>- 
receptor antagonists that has affected the management of 
intractable symptoms and bleeding from peptic ulcer, 
gastric or duodenal ulcer perforation still represents an 
uncommon but serious surgical problem as evidenced by 
the perioperative 12.5% mortality and 33% morbidity rates 
in this series of patients. 

Our review suggests that patients with prepyloric ulcer 
perforations share many characteristics with patients 
having duodenal ulcer perforations. This observation is 
consistent with current understanding of gastric acidity 
as an etiologic factor for ulcers in both locations. The 
PDU group is characterized demographically by a younger 
median age, male preponderance, and a history of cigarette 
use that contrasts with the GU group. The other observed 
differences between GU patients and PDU patients is also 
consistent with current understanding of the mechanisms 
of gastric ulcer pathogenesis that differ from duodenal 
ulcer mechanisms. In this series, gastric ulcer perforations 
resulted in higher rates of morbidity and mortality than 
did pyloroducdenal perforations and were associated with 
older average age of patients, delay in instituting therapy 
once perforation occurred, greater size of ulceration, 
greater degree of intraperitoneal contamination, more co- 
existing serious ulcer complications, and a more acute 
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TABLE Å, 

Coexisting Illnesses 53 Patients (66%) 
Cardiovascular 35% 
Respiratory 16% 
Diabetes mellitus 8% 
Hepatic 6% 
Rheumatoid arthritis 6% 
Anemia 4% 

Renal 3% 
CNS 3% 


progression of the disease between first symptoms and 
perforation. 

One half of the patients in this series used NSAIDs 
immediately after the perforation, which- underscores the 
recognized predilection of these drugs to cause gastric and 
duodenal ulceration.* The overall low use of cimetidine 
or other H,-receptor antagonists in this series is of interest 
considering that the decade of this study follows intro- 
duction of cimetidine in the United States but is consistent 
with the observation that more than one half of patients 
in this series developed symptoms and perforations in a 
short interval of time that precluded institution of vigorous 
medical therapy. 

The 6% rate of mortality of PDU patients and the 23% 
rate of mortality of GU patients are consistent with other 
recently reported series*?-’ and show no improvement 
since the prior decade.® The high (66%) prevalence of as- 
sociated medical problems in this series of patients indi- 
cates the predilection for ulcer perforation to occur in 
patients who are suboptimal surgical risks. Mortality was 
increased significantly for patients with gastric ulcer per- 
forations, preoperative hemodynamic instability, greater 
contamination, and larger ulcer size. Boey? similarly an- 
alyzed outcome in duodenal ulcer perforations and like- 
wise concluded that preoperative shock was a factor that 
increased incidences of mortality, but he did not find sim- 
ilar effects of contamination on outcome as we report. 

This nonrandomized series cannot resolve the question 
of optimal operative strategy for dealing with gastric or 
duodenal perforations. Although many recent reports””!° 
recommend performing a definitive ulcer operation for 
perforation, others*!!~'? recommend selection of patients 
for either definitive operation or a patch~oversew pro- 


TABLE 5. Operative Management of Gastric 
and Duodenal Perforation 


Operation Used DU PU GU Total 
Oversewing + patch 29 8 21 58 
Gastric resection + vagotomy 8 2 6 16 
Vagotomy + drainage 2 0 1 3 
No operation 1 0 2 3 
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cedure. Our review documents extensive use of oversew— 
patch procedures and modest use of definitive operations 
by a diverse group of surgeons at two institutions with 
acceptable rates of mortality by current standards from 
this selective approach. 
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Dr. JOHN L. SAWYERS (Nashville, Tennessee): Dr. Ritchie has brought 
an important message to us that duodenal and gastric ulcers are different. 
Most standard textbooks treat the study of a perforated peptic ulcer 
under a single heading. 

(Slide) The incidence of mortality rates following perforated duodenal 
ulcers as Dr. Ritchie has told us is less than that following perforated 
gastric ulcers. 

I would like to point out another difference, and that is the mortality 
rate for gastric ulcers in relation to treatment, and perhaps shed some 
light on this question of how perforated gastric ulcers are best managed. 

We have looked at a series of perforated gastric ulcers managed by 
partial gastric resection versus patch closure of the perforated gastric 
ulcer. The patch closure group had a mortality rate twice that of patients 
with perforated gastric ulcer treated by resection. 

(Slide) These groups were matched for age and risk factors such as 
steroids, presence of patient in an intensive care unit, and so on. There 
is a Statistically significant difference between the two groups favoring 
partial gastric resection to include the perforation as the treatment of 
choice for perforated gastric ulcer. 

We think perforated duodenal ulcers can be managed by patch closure 
with proximal gastric vagotomy. Dr. Paul Jordan from Houston has 
probably the largest such series of patients with a 1.3% mortality rate. 
Dr. Herrington and I have some 47 patients now with no deaths and no 


recurrent ulcers in patients with perforated duodenal ulcer treated by 


closure with PGY. 

I would take exception with Dr. Ritchie’s conclusion that pyloric or 
prepyloric ulcers are the same as duodenal ulcers. He showed us a lot of 
data to suggest this, but patients don’t respond similarly when one looks 
at the results of surgical management. 

Proximal gastric vagotomy has been a satisfactory operation for patients 
with duodenal ulcer with a recurrence rate of about 10%. However, the 
rate of ulcer recurrence following pyloric and prepvloric ulcers treated 
by proximal gastric vagotomy has been quite high—~- about 35%. 

Drs. Muller, Allgower, and associates’ from Basel have studied <his 
particular problem and think that patients with prepyloric or pyloric 
ulcers have thickened muscle layer in the pylorus and prepylorus area, 
which leads to motor dysfunction. This may be one of the reasons for 
the higher ulcer recurrence rate after PGV. We suggest that pyloric ulcers, 
particularly if they are perforated, be managed by distal gastric resection 
with vagotomy. 
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Dr. EDWARD R. WOODWARD (Gainesville, Florida): Our experience 
in the past 40 years has supported the view that pyloric channel peptic 
ulcer and duodenal ulcer are pathophysiologically the same. We agree 
wich the authors in this regard. 

We have experienced a lower incidence of perforated gastric ulcer, 
accounting for only about 20% of our cases. We also have observed a 
much higher rate of morbidity and mortality. When conditions do not 
absolutely preclude it, we prefer to perform a distal gastrectomy to include 
the crater. 

Our experience with plication of gastric ulcer has indicated a dis- 
couragingly high incidence of reperforation, and this accounts for much 
of the high rates of morbidity and mortality. Would the authors please 
comment on their experience in this regard. 

Twenty-five years ago the late Lester Dragstedt and I published a paper 
entitled “Gastric Ulcer—A Different Disease from Duodenal Ulcer.” 
These ulcers are especially different in the operation required for control. 
Because the stomach is hyposecretory, vagotomy is unnecessary and a 
simple partial gastrectomy is curative in either perforated or elective 
cases. 


Dr. HUNTER: H. MCGUIRE, JR. (Richmond, Virginia): I congratulate 
Dr. Ritchie and his associates on a 77% rate of survival of perforated 
gastric ulcers. In our Veterans Hospital, most perforated gastric ulcers 
are very large, occur in patients on dialysis or chemotherapy, and the 
patients rarely survive. It seems as if in some dying patients the stomach 
has died first. So I agree that perforated gastric ulcers are a different 
disease from perforated duodenal and pyloric ulcers that are usually 
small, have healthy borders, and should survive and be cured. 

Like Dr. Sawyers, I disagree that pyloric and prepyloric ulcers are 
simply duodenal ulcers gone astray. They are different from duodenal 
ulcers because, for some reason, they do not respond as well to proximal! 
gastric vagotomy, which cures duodenal ulcers. When we made the mis- 
take of doing proximal gastric vagotomy for pyloric and prepyloric ulcers, 
7 cf 16 recurred or persisted. 
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To do the right operation, perforated duodenal ulcers must be distin- 
guished from perforated pyloric and prepyloric ulcers, and the distinction 
is sometimes difficult because edema and scar can obscure the relationship 
between the pylorus and the ulcer. In that case, I find it helpful to pass 
the tip of a right angle clamp through the ulcer and palpate the pyloric 
muscle over the end of the clamp. If the pylorus is proximal to the ulcer, 
the patient should have a proximal gastric vagotomy. If the pylorus is 
distal to the ulcer, the patient needs vagotomy and antrectomy. Again, 
I congratulate Dr. Ritchie on his extraordinarily good survival rate for 
perforated gastric ulcers. 


Dr. J. KUKORA (Closing discussion): I can’t let a couple of these 
comments go without some kind of response. 

First, I want to thank the group for the privilege of allowing us to 
present our data to you, and I would note that historically this society’s 
members have cantributed enormously to our current understanding of 
duodenal and gastric ulcer disease and acknowledge the contributions 
of many people, specifically Drs. Donovan, Herrington, Sawyers, Griffen, 
and Jordan, among others. 

I would like to thank the discussants for their kind comments, and in 
response to their questions, I would say to Dr. Sawyers, the issue of 
prepyloric ulcer and duodenal ulcer 1s, in fact, becoming more and more 
controversial all the time. We feel that prepyloric ulcer often represents 
an especially virulent acid diathesis, and that a less aggressive operation, 
such as proximal gastric vagotomy, may not be efficacious in the long 
term for treating prepyloric ulcers. Nonetheless, from the perspective of 
this study, we have shown that there are very strong demographic sim- 
ilarities in patients with prepyloric ulcer to those with duodenal ulcer 
and prognostically that mortality and morbidity rates are rather low in 
both these groups in comparison with the Type I gastric ulcer that occurs 
higher in the stomach and is not associated with a high level of acid 
production. We would favor the performance of a greater operation than 
a highly selective vagotomy for a definitive operation at the time of 
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treatment of prepyloric perforation, and we feel that a vagotomy and a 
resection or a vagotomy and a pyloroplasty should be performed. 

Dr. Woodward, the question of reperforations is a good one, In our 
series, we found only two patients who had a subsequent reperforation: 
one in the gastric group that was patched, and the other in the patient 
with a duodenal ulcer that was also patched; we could not really draw 
any conclusions as to why these reperforations occurred or whether the 
operation itself had any effect on it. 

Dr. McGuire, we appreciate your sharing your information with us. 
The group of patients you described in the Veterans Administration 
health care system, in fact, probably included a lot of people whose 
perforations occurred while hospitalized. Our series predominantly in- 
cluded patients who walked in from the street with a recent perforation. 
Consequently, there was very short delay in getting these people to the 
operating room in the prepyloric-duodenal group, and those patients in 
the gastric group that had delay tended to stay at home somewhat longer. 
We only had in our group two patients whose ulcers perforated while 
they were hospitalized for another concurrent condition. 

In closing, I would like to say that this is a continuing problem, and 
there are numerous demographic studies that have been done both in 
this country and in England in recent years that show that peptic per- 
forations are continuing at the same frequency as in prior decades, despite 
the fact that peptic ulcer, as an entity, seerns to be decreasing in incidence. 
Clearly, the surgical treatment of peptic ulcer for bleeding and for in- 
tractability has taken a dramatic decline since cimetidine has come on 
the scene. 

Interestingly, despite the fact that one may think that our reported 
mortality figures are good, they have not really changed from other reports 
over the last 20 to 30 years. We are probably getting better at treating 
these patients with aggressive surgical intervention and with the use of 
ICUs, but I think we are seeing perforations affecting a lot of older patients 
who have much more coexisting disease than in prior decades, which 
tends to even the scale in terms of ultimate mortality and morbidity 
rates with these operations. 
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Large epidemiclogic analyses of cardiovascular injuries have been 
limited to studies of military campaigns compiled from many 
surgeons working in many hospitals with variable protocols. A 
detailed civilian vascular trauma registry provides a unique op- 
portunity for an epidemiologic evolutionary profile. During the 
last 30 years in a single civilian trauma center directed by a 
consistent evaluation and treatment philosophy, 4459 patients 
were treated for 5760 cardiovascular injuries. Eighty-six per cent 
of the patients were male, and the average age was 30.0 years. 
Penetrating trauma was the etiology in more than 90% 
(GSW,51.5%; SW,31.1%; SGW,6.8%). All other injuries were 
iatrogenic or secondary to blunt trauma. Truncal injuries (in- 
cluding the neck) accounted for 66% of all injuries treated, while 
lower extremity injuries (including the groin) accounted for only 
19%. Injuries to the abdominal vasculature accounted for 33.7% 
of the injuries. One thousand fifty-seven patients had 2 or more 
concurrent vascular injuries, and 32 patients had 4 or more sep- 
arate vascular injuries. The 27 patients-per-year average of the 
early 1960s has risen to a current average of 213 patients per 
year. Economic and population factors influenced wounding 
agents and injury patterns during the evaluation period. This 
extensive civilian series presents epidemiologic profiles that are 
` distinctly different from military reports and serves as a guide 
for current trauma center and health planners. i 


HE CURRENT CONCEPTS OF cardiovascular 

trauma epidemiology are attributable to large 

military series and selected civilian experience. 
The military experience is basically from the two great 
European wars and the two Eastern Asian conflicts of the 
20th century.'~’ Beginning in the 1950s, sizeable series of 
cardiac and vascular injuries from Memphis, New Or- 
leans, Dallas, Houston, San Francisco, San Antonio, 
Denver, and other cities were reported.**° The European 
military series focused primarily on extremity wounds and 
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amputation rates, while the Korean and Vietnamese series 
began to focus on early evacuation and reconstructive 
techniques. The civilian series during the last three decades 
present factors contributing to management and overall 
survival from specific cardiovascular injuries. This paper 
is an epidemiologic report of 4459 patients with 5760 
cardiovascular injuries. All patients were treated at the 
county hospital of Houston, Texas by surgical services 
with a consistent philosophy of approach. 


Materials and Methods 


Description of Facilities 


During the period of evaluation from 1958 to 1988, 
the patients described were treated at either the Jefferson 
Davis or Ben Taub General Hospital. In 1949, the Jef- 
ferson Davis Hospital (350 beds) became the nation’s first 
recognized and funded trauma research center. Until Oc- 
tober, 1979 (Table 1), the Jefferson Davis Hospital and/ 
or the Ben Taub General Hospital served as the only rec- 
ognized or “de facto” trauma centers for the greater 
Houston area. In October, 1963, Jefferson Davis Hospital 
remained open as an obstetrical, neonatal, and chronic 
respiratory care hospital, but all acute care, including 
trauma, was provided at the Ben Taub General Hospital 
(480 beds). Until 1965, these city—county hospitals were 
supported by both city and county funds. In 1965, a Hos- 
pital District taxing authority was formed that provided 
financial resources for these two hospitals and neighbor- 
hood health clinics. During the entire study period, care 
of trauma patients was provided by the Department of 
Surgery at Baylor College of Medicine. One or more of 
the authors of this paper was responsible for the manage- 
ment of the patients included in this report. 
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Politicosocial Factors Influencing Patient Load 


Undoubtedly, a number of political, économic, medical 
treatment, and social factors contributed to the statistics 
reported herein (Table I), Although Harris County has 
had as many as 66 hospitals providing various levels of 
emergency care, since 1949 the Jefferson Davis/Ben Taub 
General Hospitals have been the only ones providing 
constant and organized trauma care. Since 1964 Hous- 
ton’s population has been over 1,000,000, with only slight 
increases until 1988 (Table 2). In 1970 the Houston Fire 
Department developed a single base station for the Emer- 
gency Medical Services (EMS) System of Houston, which 
is located in the Emergency Center at the Ben Taub Gen- 
eral Hospital. In 1974 the EMS System added paramedics 
and telemetry of physiologic information on critical pa- 
tients through this single metropolitan base station. In 
1972 the University of Texas Medical School opened in 
Houston, with Hermann Hospital as its principle afhliated 
hospital. In 1976 the Hermann Hospital and the Univer- 
sity of Texas established the Life Flight Helicopter Pro- 
gram and developed a separate trauma service in 1979. 
Initially this program provided trauma services primarily 
for victims of industrial and automotive trauma. The he- 
licopter service also transported trauma patients to Her- 
mann Hospital from outlying counties. In 1982 to 1983, 
Hermann Hospital made a conscious effort to expand its 
trauma services to include victims of penetrating trauma, 
including nonresource patients. 

During the early 1970s, an influx of new citizens from 
Southeast Asia occurred. A marked increase was seen in 
the number of illegal aliens from the United States south- 
ern border late in the 1970s and early 1980s. During the 
late 1970s the economic upturn brought many new res- 
idents to Houston. However, the crisis in oil production 
and costs in 1982 to 1983 caused a marked economic 
downturn that continued throughout the 1980s and re- 


sulted in a temporarily decreased Houston population. ' 


During the mid to late 1980s, drug trafficking from Central 
and South American countries increased, with Houston 
being used as a central point for illegal drug distribution 
in Texas. 


Source of Information 


The data reported herein were accumulated from three 
sources: an inventory of vascular injuries obtained from 
the Medical Records Department, a review of the weekly 
surgical service activity reports, and a review of the op- 
erative log books. No one source was complete. Duplicate 
entries were eliminated and differences adjudicated. Be- 
cause medical records older than 10 years were extremely 
difficult to retrieve, complete patient records were not an- 
alyzed. This retrospective review from these sources may 
differ somewhat from prospective or “directed” reviews 
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TABLE 1. Social, Economic and Logistic Factors Affecting Houston's 
Vascular Trauma 





1949 Baylor/U.S. Army Trauma Research Center, Jefferson Davis 
Hospital, First U.S. Civilian Trauma Center 

1963 Ben Taub General Hospital (BTGH) opens in Texas Medical 
Center 

1970 Emergency center thoracotomy popularized; Houston Fire 
Department (HFD) EMS/EMT Program 

1972 University of Texas Medical School/Houston opens 

1973 Autotransfusion research began at BTGH 

1974 HFD Paramedic/Telemetry Program 

1975 Houston economy downturn (2 years) 

Influx of new Southeast Asian immigrants 

1976 Hermann Hospital Life Flight Helicopter Program 

1977 Houston economic upturn 

1979 University of Texas Medical School at Houston Hermann 
Hospital Trauma Service 

1980 Emergency center arteriography by surgeons began 

1982 Mexican peso value plummets 

160,000 jobs lost in Houston 
1986 Increased illegal drug activity 
1988 Economic upturn 


of specific vascular injuries previously reported from this 
institution.2°*? The terms “lacerations” and “stab 
wounds” were frequently used interchangeably to describe 
injuries caused by edged instruments. Some records did 
not cite the specific etiology or merely indicated ‘“‘pene- 
trating wound.” When there was a discrepancy between 
two sources of information, the etiology is cited as un- 
known. Until the mid 1970s, patients of Hispanic origin 
were recorded as Caucasian, and until 1980, Oriental and 
Indian patients were inconsistently recorded. Therefore, 
notations of ethnic origins are unreliable and incomplete. 


Results 


Between July, 1958 and September, 1988, 5760 cardiac 
and/or vascular injuries were identified in 4459 patients. 
Three thousand six hundred sixty-six of these patients 
patients were male, 582 were female, and the sex was not 
obtainable from the records of 211 patients. The 47% of 
the patients whose ages were available for tabulation 
ranged from 2 to 77 years, with a mean of 30.8 + 12.3 
years (Fig. 1). The mean age did not significantly vary dur- 
ing the 30-year study time period. 

To simplify presentation of this data, the results are 


TABLE 2. City of Houston Population (Greater Houston Regional 
Population Xx 2) 


Year Population 
1958 872,000 
1964 1,091,800 
1968 1,187,000 
1974 1,341,000 
1980 1,699,000 
1983 1,594,086 
1988 l 1,705,697 
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Fic, 1. Frequency distribution of age by percentage among patients whose 
ages were know, 


grouped into 5-year time periods (Table 3). Fifty per cent 
of the patients with cardiovascular trauma were injured 
during the last 10 years. Of the 4459 patients with 5760 
cardiac or vascular injuries, 3930 injuries were secondary 
to penetrating trauma, and only 304 were the result of 
blunt trauma (Table 4). One thousand fifty-seven patients 
had 2 or more cardiovascular injuries, and 32 patients 
had 4 or more such injuries. The average number of pa- 
tients injured per year rose from 27 in the earliest time 
period to a high of 223 in the 1979 to 1983 time period 
(Table 5). Analyzing only the ratio of gunshot wounds to 
stab wounds, the lowest ratio was in 1958, and it rose to 
2.7 in the 1969 to 1973 time period. Currently, stab 
wounds outnumber gunshot wounds. However, for the 
overall 30-year period reviewed, over 50% of all injuries 
were secondary to gunshot wounds (Table 6), and only 
6.8% of the patients sustained blunt trauma. More than 
90% of the patients sustained penetrating wounds. 


Cardiovascular injuries occurred in virtually all named 
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major vessels in the body (Table 7). The injured vessel is 
cited only if the injury resulted in operation, death, or 
was found incidentally during surgery performed for other 
organ injury. Trivial peripheral arterial injuries that did 
require surgery or resulted in a delayed vascular compli- 
cation were not included. Both arterial and venous vas- 
cular injuries were tabulated when the injury was signif- 
icant. Known and isolated venous injury not requiring 
operation were excluded. The heart, inferior vena cava, 
femoral artery and brachial artery were the organs/vessels 
injured most often. Lower abdominal and groin vessels 
were more vulnerable to gunshot wounds than were vessels 
in other locations. Injuries from an edged instrument pre- 
dominated in the forearm and jugular vein. Only in the 
descending thoracic aorta was blunt trauma the predom- 
inate cause of injury (Table 7). Incidénce of injuries was 
33.8% in the abdomen, 20.1% in the chest, and 19.1% in 
the lower extremity (Table 8). Cardiovascular injuries are 
listed by body location and etiology, and gunshot wounds 
tc the abdomen occurred most frequently (Table 6). If 
the neck is included with the trunk, 66% of the injuries 
are truncal, and 54% are in the chest or abdomen. Only 
19% of the injuries were in the extremities (including the 
groin). Miscellaneous thoracic injuries included trauma 
to the internal mammary artery, intercostal artery, and 
thoracic duct. The thoracic duct injuries were usually dis- 
covered serendipitously, but injuries to the internal mam- 
mary and intercostal arteries produced significant he- 
mothorax or hemopericardium and occasionally death. 
These miscellaneous thoracic injuries were most often 
secondary to stab wounds. Injuries from gunshot wounds 
most often occurred in the lower extremities and lower 
abdomen. 

The number of patients treated for cardiovascular in- 
juries more than doubled when the Emergency Medical 
Services System was begun in Houston in 1970 (Table 9). 


TABLE 3. Cardiovascular Injuries per Five-Year Time Interval 


1958-63 1964-68 
Number of Patients 163 399 811 
Number of Injuries 198 463 1047 
Injuries/patient 1:21 1.16 1.29 


1969-73 


TABLE 4. Etiology of Patient Cardiovascular Injuries per Five-Year Time Interval 


Etiology 1958-63 1964-68 {969-1973 
Gunshot wound 42 236 436 
Stab/laceration 64 110 161 
Blunt trauma l 17 58 
Shotgun wound 1 15 45 
Iatrogenic l l 0 
Other/unknown 54 20 111 


Total 163 . 399 811 


1974-78 1979-83 1984-88 Total 
900 1117 1059 4457 
1140 1467 1445 5760 
1.27 1.31 1,35 1.29 
1974-78 1979-83 1984-88 Total 
501 625 456 2296 
229 362 463 1389 
90 62 76 304 
55 6] 37 214 

0 4 25 31 

25 3 12 225 
900 1117 1069 4459 
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1958-63 1964-68 . 1969-1973 1974-78. 1979-83 1984-88 
Average pt/year 27 80 162 180 , 223 213 
Ratio GSW:SW 0.6 2.1 2.7 2.2 1.7 0.9 
GSW = gunshot wound; SW = stab wound; pt = patient. 
i TABLE 6, Cardiovascular Injuries by Etiology 
GSW SW/LAC BT SGW IAT Unknown/Other Total 
# of patients 2297 1388 304 214 31 225 4459 
% Total patients 51.5% 31.1% 6.8% 4.8% 0.7% 5.1% 100% 
# Injuries 3133 1553 385 341 56 293 5760 
GSW = Gunshot wound; SW = Stab wound. LAC = Laceration; SGW = Shotgun wound; IAT = Iatrogenic. 
TABLE 7. Specific Cardiovascular Injuries by Etiology and Grouped by Body Region 

GSW SW/LAC BT SGW IAT Unknown/Other Total 
Carotid artery 115 45 6 14 be 10 190 
Jugular vein 116 154 4 9 — 13 296 
Vertebral artery 18 13 3 3 — 2 40 
Subclavian vessel 91 50 8 6 — 13 168 
Heart 220 261 32 3 5 8 539 
Coronary artery 3 10 -— — 3 l 14 
Ascending aorta 15 12 3 3 —_ — 33 
Innominate artery 20 8 7 2 ae — 39 
Pulmonary artery 43 25 7 3 — I 79 
Desc thorac aorta 25 yo 59 — — — 89 
Aortic arch 13 7 ] Í — — 22 
Thorac vena cava 34 15 4 l _ 1 55 
Innominate vein 25 J5 2 — = — 42 
Pulmonary vein 29 5 4 I —- l 40 
Azygous vein 13 2 ~— 1 — — 16 
Thoracic duct 3 8 — i 1 _ — 12 
Int mammary artery 18 71 3 v~ — 6 98 
Intercostal artery _ 25 54 — - — 2 81 
Abdominal aorta 180 40 5 17 2 5 249 
Inf vena cava 353 100 44 21 — 17 535 
Mesentric artery 136 45 ; 14 7 — 14 216 
Portal venous 116 44 22 3 m 4 189 
Iliac artery 172 30 11 11 2 6 232 
Jliac vein 224 32 9 ll | 12 289 
Renal vessel 85 33 32 4 — 8 163 
Epigastric artery 3 14 — 3 e i 52 
Hepatic veins 36 6 8 l — 1 2) 
Axillary vessel 85 40 3 6 l 8 143 
Brachial artery 184 163 14 38 10 37 446 
Radial/ulnar art 38 169 I 10 2 41 261 
Cephalic/Basilic V 4 3 — Í l — 0 
Femoral artery 316 58 14 70 5 37 500 
Femoral vein 184 34 7 36 — 19 280 
Popliteal artery 88 3° 36 18 —_ 11 156 
Popliteal vein 45 5 9 14 — 9 68 
Tibial artery 31 8g 1] 9 — 9 78 
Tibial vein 4 l —_ l _ | 7 
Saphenous vein 12 -x | l — 1 15 
Total 3134 1543 385 = 34I 56 293 5760 


art = artery; desc = descending; thorac = thoracic; V = vein; Int = 
internal; Inf = Inferior. 
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TABLE 8. Body Region Locations of Specific Cardiovascular Injuries by Etiology 


GSW SW/LAC BT SCW IAT Unknown/Other Total 
Neck 340 262 21 33 ~ 38 694 
Thorac/arterial 339 328 109 2 7 10 815 
Thorac/venous 101 37 10 3 0 2 153 
Thorac/misc 46 133 3 l 0 8 191 
Abdomen 1307 334 145 78 5 68 1947 
Upper extremity 311 375 18 £5 14 86 859 
Lower extremity 680 109 78 129 5 81 1102 


Total 3134 1543 385 341 56 293 5760 


Thorac = thoracic; misc = miscellaneous, 


The overall peak time period for the largest number of Discussion 

injuries was 1979 to 1983. Thoracic and upper extremity 

vascular injuries continued to increase in number even At the 1945 meeting of The Southern Surgical Asso- 
after those peak years (Table 10). ciation, DeBakey? presented his classic and often cited 


TABLE 9. Specific Cardiovascular Injuries by Five-Year Time Intervals and Grouped by Body Region 


1958-63 1964-68 1969-73 1974-78 1979-83 1984-88 Total 
Carotid artery 2 24 4} 40 43 40 190 
Jugular vein 5 28 26 59 83 95 291) 
Vertebral artery l 0 3 10 11 15 40) 
Subclavian vessels 8 20 48 43 23 26 168 
Heart 28 42 102 108 128 131 539 
Coronary artery ] -l l we 3 9 14 
Ascending aorta I 1 11 17 3 10 33 
Aortic arch I ] 7 3 6 4 22 
Innominate artery l 3 9 8 JI 7 39 
Pulmonary artery l 3 12 15 10 38 79 
Desc thorac aorta — 6 17 23 18 25 80 
Thorac vena cava 2 4 10 12 8 19 55 
Innominate vein f 3 7 9 8 13 2 
Pulmonary vein —— 2 6 4 9 19 40) 
Azygous vein — l 4 3 5 3 16 
Thoracic duct 3 — 4 4 1 = 12 
Int mammary artery 7 7 17 13 22 32 ; 98 
Intercostal arterv 3 2 20 8 20 28 81 
Abdominal aorta {2 25 53 61 45 53 249 
Inferior vena cava 23 51 114 118 139 90 535 
Mesenteric artery 16 22 53 34 50 41 216 
Portal venous 8 20 35 32 48 46 189 
Iliac artery 2 19 38 48 72 53 232 
Iliac vein T 19 50 58 109 46 289 
Renal vessels 6 13 29 32 37 46 163 
Epigastric artery — 1 2 3 3 12 21 
‘Hepatic vein | 3 5 16 20 7 52 
Axillary vessels 5 14 15 40 34 35 143 
Brachial vessels 13 35 64 89 133 112 446 
Radial/ulnar artery 10 10 38 35 47 121 261 
Cephalic/Basilic V I l an a 4 3 9 
Femoral artery 18 4} 101 93 138 109 500 
Femoral vein 6 22 63 53 88 48 . 280 
Popliteal artery 3 13 16 38 47 39 156 
Popliteal vein ~— 4 12 18 19 23 76 
Tibial artery 1 | 11 2 16 37 68 
Tibial vein — _ 2 me 3 2 7 
Saphenous vein — 2 l l 3 8 15 
Total 198 463 1047 1140 1467 1445 5760 





Int = Internal; Desc = Descending; V = Vein. 
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TABLE 10. Body Region Location of Specific Cardiovascular Injuries by Five-Year Time Intervals 

1958-63 1964-68 1969-73 1974-78 1979-83 1984-88 Total 
Neck 16 72 118 152 | 160 176 694 
Thoracic 50 15 221 217 252 338 1159 
Abdominal Ja 173 379 402 523 394 1946 
Upper extremity 29 60 117 164 218 271 859 
Lower extremity 28 83 206 205 314 266 1102 
Total 198 463 1047 1140 1467 1445 5760 





review of arterial injuries from World War II. That report 
consisted of 2471 cases accumulated over many years 
from many surgeons in numerous surgical hospitals. In 
1970, Drapanas‘' presented to the American Surgical As- 
sociation a review of three decades of vascular injuries 
from New Orleans. That report, just 19 years ago, con- 
sisted of a review of 226 patients, or an average of less 
than 10 patients per year. In 1974, Hardy'* presented his 
classic 17-year epidemiologic review of 353 arterial injuries 
to The Southern Surgical Association. meeting in Boca 
Raton. 

The great wars of the 20th century have provided the 
surgeon with large volumes of patients with cardiovascular 
injuries (Table 11). Likewise, these war injuries have pro- 
vided the opportunity to analyze results and complications 
and to direct further advances in the care of civilian 
trauma. Civilian series of cardiovascular injuries have fo- 
cused on specific injuries and relatively few large series 


involve overall epidemiologic analysis of etiology and dis- 
tribution (Tables 12 and 13). Although there are similar- 
ities between military and civilian cardiovascular injuries, 
the differences mandate separate analyses. Most of the 
military and civilian citations of cardiovascular trauma 
are limited to arterial injuries. A few of the reports contain 
some incidence of concomitant venous injury and even 
name the injured venous structures. This review includes 
venous injuries because those cited were as significant as 
the arterial injuries because they needed surgical inter- 
vention, especially in the trunk. Algorithms for operative 
necessity in isolated extremity venous injuries are not as 
clear as are those for arterial injury, except possibly for 
injuries of the popliteal vein. 

Wounds in warfare are secondary to high-velocity mis- 
siles, fragments, land mines, bone fragments, and, occa- 
sionally, other puncture wounds.°°*! In civilian trauma, 
handguns are usually the wounding agent, followed in 


TABLE 11, Location of Reported Vascular Injuries in Major Wars 


Neck Chest Abdomen Upper Extremity Lower Extremity Total 

Makins—WwiI* 176 _ 11 367 648 1202 
DeBakey —WWII? 34 — 49 871 1517 2471 
Hughes—Korea? 14 — 7 109 304 304 
Rich— Vietnam’ 76 4 354 416 840 1377 
Total 300 4 421 1763 3179 5667 

TABLE 12. Location of Cardiovascular Injuries in Civilian Epidemiologic Vascular Trauma Reports 
Upper Lower 

Author City Year Neck Chest Abdomen Extremity Extremity Total 
Morris!’ Houston 1957 16 5 13 62 39 136 
Ferguson”? Atlanta 1961 15 l 32 93 56 200 
Smith” Detroit 1962 3 2 8 25 21 57 
Treiman” Los Angeles 1966 14 10 56 67 86 233 
Dillard!® St. Louis 1968 4 8 10 32 31 85 
Drapanas!! New Orleans 1970 28 11 31 97 59 226 
Perry?! Dallas 1971 65 14 75 | 213 14] 508 
Moore!® Galveston 197} 45 57 35 56 37 250 
Cheek? Memphis 1975 46 10 88 30 60 200 
Kelly? Denver 1975 14 — 62 52 47 175 
Hardy’® Jackson 1975 39 4} 66 98 116 360 
Bole? New York 1976 8 12 31 25 50 126 
Sirinek” San Antonio 1983 17 35 218 — — 270 
Total 315 206 725 850 763 2859 
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TABLE 13. Etiology of Cardiovascular Injuries in Civilian Epidemiologic Vascular Trauma Reports 


Author City Year GSW 
Ferguson’? Atlanta 1961 67 
Smith” Detroit 1962 13 
Treiman?’ Los Angeles 1966 66 
Dillard'® St. Louis 1968 34 
Drapanas'! New Orleans 1970 115 
Perry”! Dallas 197] 143 
Moore’® Galveston 1971 95 
Kelly! Denver 1975 58 
Hardy"* . Jackson 1975 155 
Bole® New York 1976 ` 63 
Sirinek”” San Antonio 1983 97 
Totals 906 


frequency by stab wounds, automobile accidents, and, 
rarely, high-velocity missiles. In both military and civilian 
series, the victims are usually young men. In military 
practice, there is generally more tissue destruction and 
associated contamination. 

Except for the Vietnamese War, patients injured in 
military campaigns have had prolonged prehospital times 
between wounding and definitive care.” Since 1975, most 
major cities in United States have Emergency Medical 


Services Systems that have reduced transport time (time | 


from scene to treatment facility) to 30 minutes or less. 
Transport times are frequently less than 12 to 15 minutes. 
Both military and civilian hospitals are similary staffed 
by qualified surgeons and are supplied with necessary 
supportive equipment. The civilian EMS and trauma 
center concepts were patterned after those in the military. 

The increased incidence of vascular trauma in Houston 
is out of proportion to the population growth during the 
same time period. The casual observation or perception 
that each year more patients sustain gunshot wounds 
made with increasingly higher-caliber guns is not justified 
based on data in this review. Although high-velocity rifles 
and even larger-caliber weapons become increasingly 
available during the latter years of this review, handguns 
(including the .357 caliber magnum) were available even 
during the mid 1960s. During the 30 years covered in this 
review, numerous economic and social changes occurred 
in Houston. Factors that apparently did not affect the 
incidence or distribution of cardiovascular injuries in- 
cluded the opening of a new medical school, the opening 
of a new trauma center (literally next door to the Ben 
Taub General Hospital), and population fluxuations. 
Factors that did appear to parallel changes in the inci- 
dence, etiology, and location of cardiovascular injuries 
included the development of the Houston EMS system, 
development of protocols for emergency center thoracot- 
omy and emergency center arteriography, and increases 
in illegal drug activities. The incidence of gunshot wounds 
appears greatest during the years of peak economy, while 
the incidence of stab wounds was equal or greater than 


SW BT SGW Other Total 
100 9 24 — 200 
5 19 - — 24 61 
86 40 — — 152 
35 24 = — 88 
89 22 — — 226 
92 24 — — 259 
64 33 — 58 250 
29 16 3 37 143 
91 48 37 29 360 
42 21 — — 126 
74 . 46 — 9 219 

- 707 302 64 157 2136 


the incidence of gunshot wounds during times of eco- 
nomic downturn. 

The most obvious contrast between military and civil- 
ian cardiovascular trauma is in regard to location of the 
injuries, Of all reported vascular injuries, extremity 
wounds predominated in World War I (94%), World War 
Il (97%), the Korean conflict (93%, and the Vietnamese 
conflict (91%). In this report of 5760 civilian injuries in 
4459 patients, vascular injuries occurred in the extremities 
in only 34% of the patients. Two obvious explanations 
for this contrast include the type of wounding agent and 
the availability of emergency medical services systems that 
bring more patients with truncal injuries to trauma centers 
for resuscitation and treatment. On close analysis of other 
civilian series, extremity vascular injuries predominate 
until the mid 1970s when EMS systems began to develop 
in association with trauma systems designed as recom- 
mended by the American College of Surgeons.* 

Although stab wounds, gunshot wounds, shotgun 
wounds, and blunt trauma were seen in all areas of the 
body, etiology and anatomic injury location trends were 
seen. One half of all injuries were produced by gunshot 
wounds with anatomical injury location incidence in the 
abdomen, lower extremity, chest, neck, and upper ex- 
tremity. Of the 25% of the patients sustaining stab wounds, 
frequency of injury location was chest, upper extremity, 
abdomen, neck, and lower extremity, respectively. Blunt 
trauma injuries most often occurred in the abdomen, fol- 
lowed by the chest, lower extremity, neck, and upper ex- 
tremity. The order of injury locations following shotgun 
wounds was the lower extremity, abdomen, upper ex- 
tremity, neck, and chest. 

Houston, like many of the nation’s major cities, has 
an epidemic of cardiovascular injuries that has not abated 
since the mid 1970s. For all series, including this very 
large one from Houston, penetrating wounds of the trunk 
have predominated during the past 15 years. Emergency 
medical service systems, emergency center thoracotomy, 
emergency center arteriography by surgical personnel, 
trauma center designation, and external social factors ap- 
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pear to continue to slightly increase the number of patients 
with civilian cardiovascular injuries who arrive at a treat- 
ment facility alive. The often-cited statement that gunshot 
wounds are secondary to increasingly larger-caliber and 
higher-velocity missiles is not born out by this epidemi- 
ologic review. A reduction in the incidence and location 
of cardiovascular injuries will require social, economic, 
political, and legal modifications currently outside the 
control of the established trauma treatment centers. 
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DISCUSSION 


Dr. HARRIS B. SHUMACKER, JR. (Indianapolis, Indiana): One can 
hardly digest in this short time all of the material that Dr. Mattox has 
brought to us from that fabulous trauma center in Houston. 

Rather than ask the many questions that come to mind, I would like 
to point out the contribution that his center and others, many in the 
South, are making to education. We would all agree that no phase of 
education needs more support than that of trauma. 

Learning about the care of the injured is particularly important for 
the students in our national military medical academy with which I have 
been associated for some years. We are very grateful to Ben Traub and 
other centers for giving our students a chance to learn something about 
the management of the injured patient, an opportunity that could not 
be provided by the military hospitals in the Washington area. We are 
grateful, too, that the men in training at Walter Reed are able to spend 
some months working at the busy and beautifully run trauma center in 
Washington. 

Although civilian injuries differ in many respects from those incurred 
in warfare, they provide the only means today by which young men and 
women can prepare themselves for dealing with problems they will meet 
should we have another war. 

A few days ago I learned that more injuries and deaths from guns and 
other deadly weapons occur each year in Washington than in all the 
years of fighting in' Northern Ireland and its borderland since the Irish 
Republican Army and the North Irish began battling each other. 

Unfortunately, one need walk only a few blocks in Washington to 
purchase any weapon, from a handgun to a machine gun. As long as 
this free access to weapons exists and crime continues at a growing pace, 
we can expect more rather than less trauma. Fortunately places such as 
Ben Traub handle it superbly. 

Reading the numerous articles that have come from that institution 
over the past 30 years is like reading the account of a miracle. They 
mirror, for example, all the advances that have been made during this 
time in the care of vascular and cardiac injuries. . 

I wish that Dr. Mattox had had the time to talk about other matters 
such as the benefit derived from improved facilities for dealing with 
some injuries in the emergency room that formerly could only be handled 
in the regular operating rooms. 


Dr. MORRIS KERSTEIN (New Orleans, Louisiana): The group at Baylor 
College of Medicine has not only continued to demonstrate academic 
excellence, but supports its contentions with sufficient numbers to be of 
significance, established guidelines for all of us, and allow for comparison. 

We can all learn that although data are often available, if not compiled, 
they benefit no one. 

The value of a registry computerized in this day and age should be 
the standard by which we all live. 

My first question, Dr. Mattox, is: What is the cost of start-up and 
maintenance of such a registry? Who did all of the work to collect the 
data that you have so capably reviewed and analyzed? 

Also, are your larger numbers, larger in fact than we see even in combat, 
a reflection of data collection or of the dangers of living in Houston? 

Significant differences exist when we compare the civilian and military 
vascular trauma experience; yet, similarities abound. Extremity vascular 
wounds predominate in the military. Truncal vascular wounds are cer- 
tainly more common in the civilian arena. The difference could be flak 
jackets or muzzle velocity. Truncal wounds are more lethal in the military 
setting. Multiple vascular injuries (your report states that more than a 
thousand patients had two or more concurrent injuries) are typical of 
the civilian vascular trauma experience. 

The military environs more often produce a single major complex 
vascular injury—limb loss or death. This issue is best exemplified by our 
own work at Tulane concerning vein injury. Veins have often been ligated 
and are not repaired in the civilian vascular trauma setting. Limbs are 
. not lost and major disability is not necessarily incurred. 

This does not apply carte blanche to the military in which multiple 
veins are often damaged at one time and a laceration cannot be equated 
with major trauma. 

There are lessons yet to be learned. With my strong interest and support 
of the military, I would like to ask why those well-known and well- 
established trauma centers-—-yours—do not establish a position for mil- 
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itary surgeons who, while at war, may have certainly gained significant 
experience, but during peacetime may have limited experience, partic- 
ularly in penetrating trauma. 

Muzzle velocity and weapons may differ, but I propose that the prin- 
ciples may be similar. My question then is: Why not establish military 
trauma fellowships? Why not redefine and expand ATLS from a focus 
or emphasis on blunt trauma to a shift toward penetrating trauma? 

Major civilian catastrophes should be supported by the civilian mass- 
casualty diaster team and military-medical casuality assist teams. 

I suggest that practice with the real thing is more appropriate than 
practice with mock casualties. 

Third, my question 1s: Why not develop a coordinated effort with 
local, military, and civilian centers so that we cooperate in the real thing? 

On a different track, now that data are available, the real cost of care 
of trauma (often indigent) patients should be available. The Federal 
Government, while assessing the virtues of cognitive medicine, via the 
Relative Value Scale, had best assess the cognitive efforts of trauma-care 
management. 

My last question is: How do you define the cost of people, care, and 
supplies in vascular trauma to help educate those who seem to set fees, 
but who do not care for the trauma patient? 


Dr. CARL W. HUGHES (Bethesda, Maryland): We collected more than 
300 vascular repairs from the Korean War and more than 7500 Vietnam 
vascular injuries of which the amputation rate was 13% in both wars. 

Dr. Spencer contributed considerably to the repairs in the Korean 
War, but we had more than 400 surgeons contributing to the repairs in 
the Vietnam War, 

I certainly agree that civilian vascular injuries differ from military 
vescular injuries. In the military, with more sophisticated, high-velocity 
missiles, there is, as they have as pointed out, a higher percentage of 
lower-limb injuries. 

My feeling is that while military personnel have a number of truncal 
injuries, many of them die before they are evacuated. They die because 
of the sever wounding and soft-tissue injuries from these high-velocity 
missiles. 

I also suspect that we have many more concomitant vein, nerve, and 
bone injures in military personnel than were seen in this series, because 
of the type of missiles. 

We feel very strongly about the repair of veins, particularly major 
veins. That is particularly true of the popliteal vein when there is injury 
to the popliteal artery. 

There have been a couple of papers recently from civilian groups on 
repair of the popliteal artery in which the authors felt that repair of the 
popliteal vein is not indicated. My feeling is that it is probably because 
of the severity of the wound we see in the military that we feel so strongly 
that the popliteal vein should be repaired along with the popliteal artery. 

I would like to ask Dr. Mattox his feeling about repairing the popliteal 
vein, along with the popliteal artery repair because the popliteal artery 
is a very critical artery. 

I would like to ask also if they do a prophylactic fasciotomy in the 
extremities after arterial repair. 

We ran into a problem in Vietnam after a study was done that showed 
microscopic intimal damage in the resected portions of the artery. The 
authors suggested that an extra centimeter beyond the visible damage 
should be resected. Although our recommendation has been that one 
resect only the visibly damaged portion of the artery and then do an 
anastomosis, if possible (the word got out that one should resect an extra 
centimeter and many patients had an extra centimeter resected beyond 
the visibly damaged portion). As a result, an anastomosis could not be 
done and more grafts were performed. More complications occurred 
and it took more time for surgery. _ 

ł would like to ask Dr. Mattox if they resect extra vessel. 

My last question is, with bone damage, do you repair the artery or fix 
the bone first, and what type of fixation is used. 


DR. DAVID Root (San Antonio, Texas): One can’t be but overwhelmed 
by the enormity of the loss, almost a certain sense of indignation that 
such losses could occur in one city, and yet it is not unique to the city 
of Houston, I rise not to discuss so much the technique and the science 
of che repair of these vascular injuries, but to ask Dr. Mattox if he could 
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not extend his work to bring to attention to the city of Houston these 
terrible losses. After all, this is a tax-sipported institution. Bring this to 
the fore by means of exchanging information with the police and with 
the mayor. Is there some way that you could now, having collected this 
data, begin some means of prevention, some means of analyzing the 
epidemiology, the sociology, and so ferth? It seems difficult to accept an 
ongoing loss such as this not only of medical care costs, but also in terms 
of the disability and loss of life. Is there something that can be done with 
this enormous amount of data that you have so nicely prepared and 
presented to us? It is almost overwhelming, and I wonder if some approach 
to prevention with Mayor Whitmire may be possible? 


Dr. GEORGE WATKINS (Easton, Pennsylvania): There are two items 
that need to be added. First, there is a difference between mine or shrapnel 
injuries and the usual penetrating injuries. Everyone thinks about it but 
forgets that, as opposed to civilian injuries, mines and shrapnel are a 
considerable component ofa proportionally higher number of lower and 
upper extremity wounds. I do not believe that in Houston that mines 
and shrapnel wounds are found in the day-to-day affairs of penetrating 
trauma. 

The second item applies to chest wounds. Dr. Mattox will affirm that 
the ratio of chest-to-abdominal wounds appear lower in his series because 
less significant cardiovascular injuries occur per wound of the chest than 
of the abdomen. 

I wonder if he has any data to support the fact that the chest is actually 
injured more than is the abdomen by total gunshot wound, not just by 
cardiovascular wounds. 

Is there any data showing the increase or lack thereof in proportion 
of high-velocity or automatic missile injuries? 

Finally, there was some discussion of cognitive and social issues as 
far as long-term follow-up. I think that the Ben Taub Hospital faculty 
who attend these patients have given an enormous amount of free medical 
care to Texas. The attending physicians are not commended enough for 
the amount of donated service that they perform, not only on Friday 
nights but every night of the week. 


Dr. HENRY L. Laws (Birmingham, Alabama): Gee, what an expe- 
rience! And I have the same sense of indignation that Dr. Root does. 
We need to do something about prevention of this terrible group of 
injuries. 

I would like to ask Dr. Mattox thes2 questions. At the outset of your 
study, there was no systematic effort to keep victims alive in the am- 
bulance by cardiac massage, controlled ventilation, and the like. Now, 
that is a big thing as you documented so well on your slides. These lifeless 
patients have gotten to be a big problem, I suspect, for you, and I would 
like to know how do you decide when to proceed with left thoracotomy, 
resuscitation, and so forth in chest trauma and in abdominal trauma? 

Do you still keep a heart-lung pump in the emergency room, and is 
this often used? 

One small item. Do you think the increase in knife injuries has anything 
to do with the large number of aliens that are entering the country? 


Dr. KENNETH LEON MaTTox (Closing discussion): Dr. Norman Rich 
was prevented from leading the discussion of this paper due to an un- 
expected emergency. He sends his apclogies. 

Dr. Shumaker and Dr. Kerstein, I would agree that one of the most 
important missions of military medicine is preparedness for injury treat- 
ment. The trauma research unit developed at Baylor in 1949 was a link 
between the U.S. Army, a civilian medical school, and a public hospital. 
This literally became the first specifically organized trauma center in the 
United States. During peacetime, other such links need to be strongly 
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encouraged and supported. At least 15 such programs are now possible. 
The utility of such programs for rapid military emergencies as well as 
for natural disasters is very apparent. 

Dr. Shumaker and Dr. Root, any tabulation of violent injuries begs 
the issue of prevention and social controls. Such actions are long overdue 
but still will require both general public and legislative mandates. Such 
controls must be a war against drugs, control of the driver who consumes 
alcohol ar drugs, hand gun controls, and a realistic and timely disposition 
of recalcitrant and incorrigible criminals. Without such a judicial, leg- 
islative, and social consciousness on the part of our elected and appointed 
representatives, anarchy and vigilante tactics are the potential risks, Al- 
though a very different social system, crime is almost nonexistant in 
Saudi Arabia where justice is sure, swift, and inescapable, despite the 
availability of lethal weapons. To escape punishment because of legal 
loopholes begs the issue of protecting the criminal more than the victim. 
As just presented, each of our American cities has a similar incidence 
of injuries per population base. Houston is not alone in its high frequency 
of injury. 

A database software with a multiuser computer, backup drives, and 
a printer can be purchased for under $10,000. Data entry must be con- 
stant, directed, methodical, and detailed. Creation of the database format 
and weekly entry of data for the information in this paper were performed 
by the first author of this paper. I would underscore that Houston does 
not necessarily have a greater incidence of trauma per unit population, 
but rather most major trauma has been brought to a single trauma center 
with a long-standing methodical data-preservation system. I cannot an- 
swer the question concerning the cost of these injuries. Dr. Ronald Fischer 
and I are now involved in the development of such a study. 

Dr. Hughes, I did not intend to discuss the specifics of individual 
vascular injuries. However, we do frequently perform fasciotomy and 
just recently we began to measure compartment pressures. The newer 
devices, however, do not appreciably add much to our clinical judgment. 
We repair venous injuries if possible when they are discovered, We do 
not excessively debride or resect normal arterial tissue. Most of the missile 
injuries were from low-velocity bullets. We are quick to use external 
fixators for concomitant fractures. 

Dr, Laws, we have been impressed with your continuing and sustained 
reporting of injuries from Birmingham, Alabama. As I analyze your 
population- and organ-injury statistics, trauma in Birmingham does not 
appreciably differ from that in Houston. The sustained, useless, and 
numbing carnage of our youth in all American cities and towns far exceeds 
that occurring during wars. The placard-driven protests of the Vietnam 
era are nowhere to be seen during this, our much larger social and do- 
mestic war. 

Dr. Watkins, we did have a slightly greater incidence of abdominal 
wounds than thoracic wounds, but the overall truncal area still signifi- 
cantly predominates. We do not see any more high-velocity and large- 
caliber wounds currently or during the last 10 years than we did in the 
1960s. With increased incidence in the number of illegal aliens and de- 
creased economy, the incidence of stab wounds has increased. 

Dr. Laws, we have taken a hard look at the EMS system. Cardiopul- 
monary resuscitation (CPR) for patients with truncal trauma and who 
require CPR for more than five minutes before arrival to the hospital 
has not resulted in a single survivor in Houston. One new definition of 
death might be related to the length of time CPR ts required in such 
patients. We no longer keep our portable battery-operated heart-lung 
machine in the emergency center. It is more cost-effective and utilitarian 
to keep this device in the operating room. 

Whereas I would welcome the admonition in Dr. Polk’s presidential 
address to eliminate trauma, I anticipate that the issues raised by this 
paper and the discussants will lead to many other discussions at the 
Southern Surgical Association. Vascular-trauma in particular will not 
disappear in the near future. 
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Percutaneous transhepatic biliary decompression has been used 
since 1973 as a preoperative surgical adjunct in patients with 
obstructive jaundice. Tumor seeding along the catheter tract is 
an unusual complication but it occurred recently in one of our 
patients who had preoperative biliary drainage for four days. 
Four months after his pancreaticoducdenectamy, a 2-cm nodule 
developed at the catheter exit site. This nodule was a metastatic 
focus of adenocarcinoma similar to his pancreatic tumor. He 
died 1 month later and at autopsy was found to have numerous 
metastases along the catheter tract. A review of the world lit- 
erature found 17 other patients with this complication. Thirteen 
of the 18 total patients had catheters placed for palliation, while 
5 patients underwent preoperative drainage before definitive 
procedures, and 4 of these patients had undergone “curative” 
resections. Nine of the 18 patients had biliary obstruction from 
cholangiocarcinoma, while seven patients had primary pancreatic 
carcinoma. Positioning of the catheter tip above the obstructing 
tumor and maintaining the catheter for only a short duration 
- before operation (mean 8 days for resected patients, range 2 to 
16 days) did not protect against catheter-related tumor seeding. 
Patients with suspected malignant obstruction of the biliary tract 
who may have resectable tumors should not undergo routine pre- 
operative biliary decompression. If, on exploration, the tumor is 
found to be unresectable, then a palliative bypass may be per- 
formed. 


BSTRUCTION OF THE BILIARY TREE with hyper- 

bilirubinemia has long been thought to increase 

the operative rates of morbidity and mortality 
in patients with obstructive jaundice.!~ This association 
appears to be présent in patients with benign or malignant 
obstruction of the biliary tract,* and the operative mor- 
tality rate seems to be directly proportional to the elevation 
in serum bilirubin. Thus as early as 1935, Whipple rec- 
ommended a two-stage procedure in the treatment of pa- 
tients with obstructive jaundice due to periampullary tu- 
mors.” The first stage consisted of biliary decompression 
with or without gastrojejunostomy for correction of any 
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existing coagulopathy or nutritional depletion. The second 


-stage involved the definitive resection and was performed 


when the degree of jaundice had lessened. 

In the early 1970s the technique of percutaneous trans- 
hepatic catheter drainage of the biliary tree of patients 
with obstructive jaundice was developed,’ and its adoption 
was recommended both for palliation in unresectable pa- 
tients and as a preoperative means of lowering serum bil- 
irubin in patients with potentially resectable malignancies 
of the pancreas or biliary tract.2-!3 Although the lowering 
of serum bilirubin by preoperative drainage has not been 
proved to eliminate the added risk associated with surgical 
procedures, it has remained a theoretical basis for per- 
forming preoperative biliary drainage. l 

There have been many reported complications of per- 
cutaneous biliary drainage (PTBD) since this procedure 
was first introduced.’-”'!-** Metastatic tumor seeding 
along the transhepatic biliary catheter is an unusual com- 
plication of this procedure but has been reported in 17 
patients in the world literature7°-?! and may, in fact, be 
an unrecognized complication in many other pa- 
tients.24763° We recently treated a patient in whom per- 
cutaneous biliary drainage was employed before opera- 
tion, which resulted in subcutaneous tumor implantation 
at the catheter site 4 months later. This caused us to ques- 
tion seriously the usefulness of this procedure and led us 
to review the previously reported cases of tumor seeding 
in an attempt to identify any common features. We will 
present a summary of our patient’s clinical course as well 
as a brief review of those patients previously reported. 


Case Report 


A 63-year-old man presented to the Nashville Veterans Administration 
Medical Center with a 1-week history of epigastric pain and was found 
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FIG. 1. Percutaneous trans- 
hepatic cholangiogram dem- 
onstrating complete obstruc- 
tion of the common bile duct 
in the region of the pancreatic 
head. 


to have an amylase of 850 IU/I with a total bilirubin of 0.6 mg/dl. He 
was admitted and had resolution of his symptoms with nasogastric suction 
and IV hydration. Abdominal ultrasound and CT scans were normal. 
He gave no history of alcohol abuse, and there was no evidence of gallstone 
disease. 

The patient returned to the hospital 3 months later with recurrent 
epigastric pain and was found to have a mass in the right upper quadrant. 
His serum bilirubin had risen to 9.3 mg/dl with an amylase of 73 IU/I. 
The patient underwent percutaneous cholangiography (on the morning 
following admission), which demonstrated a “rat tail” stenosis of the 
common bile duct (Fig. 1). A Ring biliary catheter was manipulated 
through the stenotic region and into the second portion of the duodenum 
(Fig. 2). Four days later the patient developed diffuse abdominal pain 
and was taken to the operating room where he was found to have acute 
cholecystitis. The transhepatic biliary catheter was removed and a cho- 
lecystectomy was performed with placement of a T-tube for biliary 
drainage with a different catheter exit site. The percutaneous transhepatic 
catheter was in place for only 4 days. 

Following a brief period to allow resolution of his acute inflammatory 
process, the patient was returned to the operating room, where a pan- 
creaticoduodenectomy was performed with the pathologic specimen 
showing a well-differentiated adenocarcinoma of the pancreatic head 
(Fig. 3); 2 of 20 nodes were positive for tumor. His postoperative course 
was unremarkable, and he was discharged on a regular diet with a serum 
bilirubin of 0.7 mg/dl. 

This patient returned 4 months following removal of his percutaneous 
biliary catheter with mild epigastric pain and was found to have a 2-cm 
firm nodule at the previous exit site of the percutaneous catheter. The 
nodule was excised and found to be a metastatic focus of adenocarcinoma 
in the skin (Fig. 4). He was readmitted 2 weeks later with fever and 
malaise and suffered a continued decline in general health and died. 

An autopsy was performed and demonstrated numerous metastatic 
foci along the route of the percutaneous biliary catheter extending into 
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the subcutaneous tissue of the right lateral chest wall. There were also 
other parenchymal hepatic metastases and small abscesses present within 
the liver. No residual tumor was found in the pancreatic bed. 


Discussion 


In 1973, Molnar and Stockum presented the first re- 
ported series’ in which percutaneous transhepatic biliary 
decompression (PTBD) was used as a diagnostic and ther- 
apeutic procedure in patients with obstructive jaundice. 
Several subsequent reports*'' suggested that this proce- 
dure, by improving hepatic function before operation, 
could reduce the postoperative incidences of morbidity 
and mortality in patients with hyperbilirubinemia, and 
its use was recommended as a preoperative adjunct in 
patients with both benign and malignant disease. How- 
ever, these retrospective studies compared sequential 
groups of patients with and without preoperative drain- 
age.*:'' Because patients undergoing preoperative percu- 
taneous drainage were compared to patients who had had 
operations at least several years previously without the 
benefit of improved perioperative care, the validity of these 
conclusions has remained open to question. More recent 
studies'*'®'73334 have failed to show a significant decrease 
in complications when this procedure has been used to 
lower serum bilirubin prior to operation. Furthermore, 
there has been no significant improvement in postoper- 
ative mortality rates using this procedure in prospective 
randomized studies.'°*** These studies also showed a 
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FIG. 3. Photomicrograph of primary tumor from the head of the pancreas 
demonstrating moderately well-differentiated adenocarcinoma. 


The most common complications of percutaneous 
transhepatic cholangiography (PTC) and biliary catheter 
placement are sepsis, hemorrhage, and bile leak with or 
without peritonitis. Initial reports?’ indicated a 5% to 10% 
incidence of these complications; however, recent 
studies'*'?** have shown a complication rate as high as 
69%. These higher complication rates combined with un- 
proved results and increased hospital costs have raised 
serious questions regarding the routine preoperative use 
of this procedure in patients with biliary obstruction. 

Tumor seeding along a percutaneous transhepatic bil- 
iary catheter tract is an unusual complication of his pro- 
cedure, but has now been reported in 18 patients (includ- 
ing this case report) (Table 1). 20-31 The pattern of tumor 
recurrence most commonly identified has been subcuta- 
neous tumor implantation at the catheter exit site (14 of 
18 patients). Three of the 18 patients (all 3 had a cholan- 
giocarcinoma) developed diffuse peritoneal seeding that 





FiG. 2. Abdominal roentgenogram showing Ring biliary catheter after 
manipulation past the point of obstruction and into the duodenum. 


significant increase in the length of the hospital stay and 
overall costs for the patients undergoing preoperative bil- 
iary drainage.” 


TABLE 1. Clinical Features of Patients with Catheter-Related Tumor Seeding 





Time from Initial 


Location Time Placement Until Catheter for 
Sex/ of Catheter Recurrence Palliation 
Patient Age Tumort in Place Detected Site of Recurrence Only Reference 

l F/65 2 1 month 2 months Skin exit site Yes 20 
2 M/60 l 16 months 16 months Skin exit site Yes 21 
3 M/58 2 12 days 5 months Skin exit site No 22 
4 M/84 l 3 months 3 months Peritoneal seeding Yes 23 
5 . l * * Peritoneal seeding * 23 
6 * l * * Peritoneal seeding * 23 
7 F/51 2 8 days 2 months Skin exit site No 24 
8 = l * * Skin exit site Yes 25 
9 M/69 2 5 days 5 months Skin exit site Yes 26 
10 M/73 l 7 days 3 months Skin exit site Yes 26 
11 F/54 2 8 days 5 months Skin exit site Yes 26 
12 F/79 3 * 14 months Skin exit site * PA 
13 M/48 2 2 days x Skin exit site, malignant pleural effusion No 28 
14 F/60 l 18 months 18 months Malignant pleural effusion Yes 29 
15 M/66 l 16 days 13 months Skin exit site No 30 
16 F/79 l 4 months 4 months Skin exit site Yes 30 
17 M/51 3 6 months 6 months Skin exit site Yes 31 
18 M/63 2 4 days 4 months Skin exit site No Present case 


* Clinical feature not specified. 
+ 1 = Cholangiocarcinoma; 2 = Pancreatic carcinoma; 3 = G.I. car- 


cinoma with metastases to liver hilum and obstructive jaundice. 
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FiG. 4. Photomicrograph of subcutaneous nodule at PTBD catheter exit site demonstrating adenocarcinoma similar to pancreatic primary (arrows); 


(E = epidermis). 


was believed to be secondary to the transperitoneal cath- 
eter,” and 2 patients had malignant pleural effusions from 
transpleural percutaneous biliary catheters as a manifes- 
tation of the tumor recurrence.”*”? 

The tumor recurrences have tended to occur early after 
catheter placement, with detection at a median interval 
of 5 months following catheter insertion (range 2 to 18 
months). Although the percutaneous biliary catheters were 
in place for an average of 5.5 months (often with frequent 
changes) when used for palliation, this was not the case 
when they were used as a preoperative adjunct (Fig. 5), 
in which the duration of placement averaged only eight 
days. Thus a short duration of catheter drainage before 
operation did not protect against catheter-related tumor 
seeding in the four patients undergoing “curative” resec- 
tion. 

The single most common feature (in 17 of these 18 
cases) involves tumor manipulation with passage of a 
guide wire and a large catheter through an obstructing 
carcinoma. This is likely to result in cellular disruption 
and dissemination of tumor cells within the biliary system 
and could account for the observed tumor seeding. If PTC 
was performed without biliary drainage or if biliary drain- 
age was performed with the percutaneous biliary catheter 


positioned above the obstructing lesion without tumor 
manipulation, then the likelihood of tumor spread might 
be lessened, although tumor seeding has been demon- 
strated in the latter situation as well.” On a slightly dif- 
ferent note, Weiss et al.’ reviewed a series of patients 
undergoing intraoperative diagnostic pancreatic biopsies 
without resection who later came to second-look lapa- 
rotomy. Surprisingly, they found that many of the patients 
had developed rapid intra-abdominal spread of pancreatic 
carcinoma, which was associated with the number of bi- 
opsy attempts, an association apparently also related to 
tumor manipulation. Tumor implantation at the site of 
transperitoneal skinny-needle biopsy of pancreatic car- 
cinoma has been previously reported**** and likewise has 
been associated with multiple needle passes. This, how- 
ever, did not occur in any of the five patients in this series 
in which it was used.2”?*?° Brush biopsies performed 
through the percutaneous catheter tract drag denuded 
malignant cells through the liver and subcutaneous tissue 
and may have contributed to the tumor recurrence in the 
one patient?’ in this series in whom this procedure was 
used. Clearly, unnecessary manipulation of pancreatic and 
cholangiocarcinoma should be avoided or minimized be- 
fore definitive resection. 
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FIG. 5. Duration of percutaneous biliary catheter drainage in patients 
with tumor seeding. The catheters were present for an average of 5.5 
months when placed for palliation; however, when placed prior to a 
planned definitive operative procedure, the catheters were present for 
an average of only 8 days. 


Tumor seeding from percutaneous biliary catheters has 
received little attention as a potential complication of 
PTBD.* However, these patients illustrate that tumor 
seeding is more than a theoretical risk. In our patient, 
this was suspected only when the subcutaneous nodule 
appeared 4 months following removal of the percutaneous 
biliary catheter. As suggested by others,7*”°*° the preva- 
lence of catheter-related metastatic seeding may, in fact, 
_be widely underestimated. Because the technique of per- 
cutaneous biliary tract drainage requires that the biliary 
catheter traverse the hepatic parenchyma, a common lo- 
cation of catheter-related metastatic deposits might be ex- 
pected to be found in the liver along the catheter tract, 
and only occasionally would one expect that these deposits 
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would extend all the way to the subcutaneous tissue or 
skin. Thus, it is possible that many catheter-tract meta- 
static deposits in the liver parenchyma are detected at 
autopsy or operation but are mistakenly identified as aris- 
ing from a hematogenous or lymphatic source and are 
not attributed to a catheter-related process. Therefore, it 
is possible that catheter-related metastases are underre- 
ported and that this problem far exceeds the 18 patients 
found in our review. 

Percutaneous biliary drainage for palliation in patients 
with unresectable biliary tumors is a reasonable thera- 
peutic modality, although perhaps less advantageous than 
a biliary endoprosthesis because it may promote tumor 
seeding to the liver, peritoneal cavity,” or pleural space”®:?9 
or result in a painful nodule*'° at the catheter exit site. 
Percutaneous biliary drainage in patients with benign 
strictures may be helpful in defining ductal anatomy dur- 
ing Operation and may serve as a method for prolonged 
drainage in high-risk patients. ”®!>! The preoperative use 
of PTBD in patients with malignant bile duct obstruction 
has remained controversial, with some groups advocating 
catheter placement as a technical aid,*? while others be- 
lieve that PTBD does not affect intraoperative decisions 
and may make operative drainage more difficult.*! We 
suggest that PTBD should not be used as a routine pre- 
operative procedure in patients with potentially resectable 
disease because it may jeopardize the operative results as 
illustrated by these patients. In patients with suspected 
malignant obstruction of the biliary tract, if PTC is per- 
formed, percutaneous catheter drainage should be used 
only for the purposes of palliation. If there is a reasonable 
chance of resection based on initial studies, then we advise 
abdominal exploration without preoperative biliary de- 
compression. At exploration, if the tumor is found to be 
unresectable, then a palliative bypass may be performed. 
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of prevalence of tumor implantation. The interventional radiologists have 
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their patients for any period of time after their procedures and so this is 
probably a falsely low figure. But at any rate, I think it probably indicates 
that it isn’t common. 

We have a series of patients, to which Dr. Sawyers alluded, in which 
we do have some information concerning the denominator, and I would 
like briefly to run through our figures to demonstrate that I think this 
phenomenon is not common. 

(Slide) This is a patient with a proximal biliary carcinoma, a Klatskin 
tumor. One or two days before this patient was operated on, as is our 
routine now, the patient went to the cath lab and had a Ring catheter 
put into the left hepatic duct, down through the tumor, into the duo- 
denum; the same catheterization was done on the right. 

This is done one or two days before surgery because we certainly agree 
with Dr. Sawyers that there is no evidence that the morbidity or the 
mortality rates of surgery are decreased any by decompressing the hy- 
perbilirubinemia that these patients inevitably present with. Many of 
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these patients have been operated on once or twice before. At the time 
of surgery with Ring catheters in place, it is very easy to identify the 
bifurcation by palpating the catheters and more specifically by palpating 
for the divergence of the catheters high up in the porta hepatis. Once 
you have identified the bifurcation, one can dissect it, guided by the 
catheters. These catheters make dissection and resection of Klatskin tu- 
mors much easier. 

In addition, if you divide the distal common duct early and reflect 
the proximal biliary segment up in a cephalad direction, again using the 
Ring catheters, it is much easier to dissect posteriorly. Also by palpating 
for the catheters, it is much easier to dissect up into the liver parenchyma. 

After the tumor has been resected the Ring catheters can be used to 
place Silastic biliary stents that we use routinely. One can suture the 
stent to the Ring catheter and pull it up through the liver. Bilateral 
hepaticojejunostomies are then performed and this is an artist’s concep- 
tion of the procedure after operation. 

So we not only use Ring catheters before operation, we also use biliary 
stents that we leave in permanently that go by the area where the tumor 
was resected. The Silastic stents are left in until the patient dies or has 
survived 5 years. 

We have operated on some 90 patients in the last several years with 
proximal biliary carcinomas, and the last 66 of these patients have had 
Ring catheters placed before operation. 

This has allowed us to resect the tumors in more than 50% of these 
patients, and I don’t think that that would have been possible without 
the technical aid of the Ring catheters and the use of the Silastic stents 
in the reconstruction. 

In none of these patients has there been implantation recognized along 
their Ring catheter tracks. In 2 of the patients who died, | at 2 years and 
l at 2.5 years, with widely disseminated tumor, tumor was growing along 
the Silastic stent. Therefore, in our experience, the risk of tumor im- 
plantation following placement of Ring catheters has been far outweighed 
by the technical benefits at the time of surgery. 

In closing I would like to ask Dr. Sawyers a question and then make 
one more brief comment. 

First, does he have any estimate as to the denominator over which to 
put these 18 patients who clearly have developed the complication of 
tumor implantation? In our experience, and I think in others, this seems 
to be a phenomenon of end-stage disseminated tumor. Is there any ev- 
idence in any of these 18 patients that it played a factor in limiting 
survival? 

In closing, Dr. Sawyers’ patient had an interesting complication, that 
of acute cholecystitis, that occurred three or four days after the insertion 
of a Ring catheter, which we think is secondary to the catheter. We have 
seen that eight or nine times, and it will be published in a manuscript 
that I think is due out in the next month or two. We have inserted Ring 
catheters in the past decade or so in several hundred patients, probably 
in excess of 700 or 800. So this complication is not common, but when 
one puts a Ring catheter in, I think from edema or perhaps obstruction 
of the catheter itself, the cystic duct can become obstructed, and even 
in the absence of gallstones the patient can develop an empyema of the 
gallbladder or acute cholecystitis. 

If after placing a Ring catheter the patient develops a fever in the next 
day or two, you cannot assume that it is just cholangitis and treat it with 
antibiotics because it may, in fact, be acute cholecystitis or even an em- 
pyema that requires surgical intervention. 


Dr. HAROLD J. WANEBO (Providence, Rhode Island): I want to thank 
Dr. Sawyers for bringing to our attention an additional risk of a pre- 
operative biliary decompression, which is seeding of the drainage tract 
by tumor cells. This concern is in addition to the other potential hazards 
of this procedure such as possible bile leak, infection, and the potential 
for hemorrhage. Although this procedure is done frequently, there is no 
evidence in most of the randomized clinical trials of any benefit and 
there even may be a deficit. The potential hazard of seeding, although 
an uncommon occurrence, is something that I don’t think can be dis- 
missed lightly. 

One of the patients who Dr. Sawyers presented in his review was one 
of our own cases, which I would like to briefly share with you. This 48- 
year-old patient had a short history of obstructive jaundice, with a negative 
CAT scan. He had a percutaneous imaging study done and then passage 
of a catheter, which was in place for only two days. 
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The patient had exploratory surgery and was found to have a very 
small lesion in the head of the pancreas, which was resected. The patient 
did well after the operation and had an additional 4000 rads given ac- 
cording to the Gastrointestinal Tumor Study Group Protocol. 

This patient did well for 4 months, but he then presented with a small 
nodule on his chest wall at the catheter site, as well as a pleural effusion. 
The pleural effusion was positive for malignant cells and the cytology 
was similar to that in the original cancer of the pancreas. The pathologic 
condition of the nodule mimicked that of the previous cancer. 

Of course we were quite dismayed. After a review of the pathologic 
data that showed extension of the pancreatic cancer into the terminal 
duct, it is our premise that these cells possibly became dislodged and in 
that free-floating state seeded the catheter drainage tract. This obviously 
compromised the survival in this patient. We think that catheter-tract 
seeding is a definite risk in a patient who is to have a potentially curative 
procedure. In advanced cases percutaneous drainage may facilitate pal- 
liative care. In patients with malignant obstructive jaundice, in whom a 
resection procedure is a possibility, I would avoid this approach. 

I have a question for Dr. Sawyers that was also posed by Dr. Cameron: 
Is there a use for short-term drainage, for example, to facilitate a resective 
approach for bile duct cancer as used by Dr. Cameron? 

Second, if there is need for a catheter drainage in selected patients, 
what about placement of catheters by ERCP, especially for terminal duct 
lesions? I am not aware of catheter tract seeding occurring from ERCP- 
placed catheters. 

Finally, does he instruct his radiologist whether to do an imaging 
study or to place a drainage catheter? This is what happened in our case, 
in that the friendly radiologist was being helpful by putting in the catheter, 
which is so easy for them to do. Does Dr. Sawyers give his radiologists 
this advice? 

I would like to make one more comment. Although CT-directed fine- 
needle aspiration biopsies of pancreatic cancer have rarely been associated 
with needle-tract seeding, it has been reported. This is a rare occurrence, 
but again it could irreparably compromise the survival in the resected 
patient and should be kept in mind. 


DR. FRANK G. Moopy (Houston, Texas): Dr. Sawyers possibly has 
put another spike, perhaps the final spike, into the promiscuous use of 
percutaneous transhepatic drainage of the biliary tree, a technique that 
is readily used. And that is the problem. Many patients come already 
having had this done in their local hospital. 

Clearly there are some patients who benefit from this, especially when 
it is used as a palliative procedure for those of advanced age with severe 
associated disease, or for patients with heavy tumor burden who will 
only live for two or three months. But these are the ones possibly who 
we should be trying to also help in terms of avoiding infectious compli- 
cations and the problem of having a tube hanging out of their side. 

Dr. Cameron has brought up the use of these tubes as an adjunct, and 
I share his feeling that the complication of tumor seeding is exceedingly 
rare. On the other hand, the complication of infection is very common. 

I would ask Dr. Chapman, who is going to close, what is their approach 
for patients with the lesions at or below the cystic duct? I prefer an 
internal biliary enteric shunt placed as high as possible on the bile duct 
with a Roux limb after removing the gallbladder. I prefer to do a cho- 
langiojejunostomy Roux-en-Y, even on those above the cystic duct if I 
can get a good distance, and usually you can do so on the left hepatic 
duct. 

Dr. Sawyers may also want to tell us how they actually control the 
use of this technology in their hospital because the radiologists, when 
they see a dilated bile duct, want to put a tube in it. 


DR. RANDLE VOYLES (Jackson, Mississippi): I agree that percutaneous 
transhepatic biliary drainage (in prospective studies) has not shown a 
reduction in rates of morbidity or mortality; this article highlights a long- 
term complication associated with percutaneous drainage. 

In planning biliary intubation as definitive palliative therapy, I think 
it is important to separate proximal lesions from distal lesions because 
most patients with proximal cancers die of infection, whereas those with 
distal cancers die from tumor burden. 

While it may be technically easier to intubate rather than resect the 
proximal duct cancers, even the best results of intubation have a mean 


PFR) 


rw 


a 


F 


F 


PETE EENE EET E ET R E er T 


Vol. 209 * No. 6 


survival rate of only 6 months; in Jackson and in a number of other 
centers, resection carries a mean survival of more than 2 years. 

My second concern in dealing with proximal malignancy by intubation 
is that surgeons, radiologists, and internists do not stage their patients 
carefully enough to decide which side needs to be intubated; I don’t 
think we necessarily get twice the benefit from decompressing both lobes. 
We need to look for the atrophy-hypertrophy complex and unilateral 
compromised portal venous supply. 

As I said, with distal lesions, it is a completely different matter. Our 
colleagues in endoscopy are much more successful in placing distal stents. 
The new larger-bore catheters are associated with fewer complications 
of cholangitis, and I would wonder and ask: Should we go back now and 
redo some of the randomized studies using endoscopic techniques to 
place biliary tubes for lower obstructions rather than for proximal ob- 
structions? I don’t think there is a role for routine intubation of the 
proximal duct lesions to improve hepatic function. 


Dr. WILL CHAPMAN (Closing discussion): I would like to thank all 
of the discussants for their questions and comments. I will attempt to 
answer each question in the order given, beginning with Dr. Cameron. 

Dr. Cameron, we appreciate your sharing your excellent review with 
us today. In assessing the question of the incidence of this complication, 
I would like to show one discussion slide. 

(Slide) When this procedure was first introduced in the early 1970s, 
the reported incidence of overall complications associated with percu- 
taneous biliary drainage was estimated to be between 5% and 10%. As 
this procedure has had more widespread use, sepsis, hemorrhage, and 
bile leak have occurred much more frequently, with some large series 
demonstrating complications in up to 70% of patients. 

In our review, four groups included information on the total number 
of patients that had been treated with percutaneous biliary drainage, and 
from these four series the incidence of tumor seeding occurred between 
0.5% and 6%. The highest report came from Dr. Peter Cotton’s group 
at the Middlesex Hospital (Br J Surg, 1984;71: 694-5) in which they had 
observed catheter-related tumor seeding at the skin exit site in three of 
50 patients in whom this procedure was used. Two of these patients had 
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primary pancreatic carcinomas, while one had a cholangiocarcinoma. It 
is interesting that these patients had percutaneous external drainage for 
only 5 to 8 days before the external catheter was removed and the patient 
was left with an internal catheter only, presumably with no further com- 
munication to the skin exit site. Subsequently each of these patients 
returned with a metastatic lesion at the skin exit site. 

At Vanderbilt, since 1982, we have performed 85 of these procedures, 
and as far as we know this is the only patient who has had this type of 
catheter-related tumor seeding. 

I think there are obviously many centers that have not observed this 
type of recurrence, but I think one question that also must be asked is: 
What is the incidence of catheter-related tumor seeding to the liver with- 
out concomitant skin exit site seeding? In this setting the tumor spread 
would likely be attributed to a progression of disease instead of to a 
catheter-related process. This is a question that cannot be easily answered. 

In regard to your question about the effect of this type of spread on 
survival, this too is a difficult question to answer. In general, these patients 
have had a very short survival after catheter-related tumor seeding has 
been demonstrated. It is not possible to know how long these patients 
would have survived if they had not had the catheter-related seeding; 
thus, it has not been conclusively proven that this type of seeding has 
limited survival. 

Dr. Wanebo, in response to your question concerning endoscopically- 
placed biliary stents for drainage, there have been no reports of a similar 
phenomenon of catheter-related tumor seeding in this setting. Our ra- 
diologists now confer with the surgeon involved in the care of the patient 
before placing a percutaneous biliary catheter. 

Dr. Moody, our current approach to the patient with obstructive jaun- 
dice is to avoid percutaneous cholangiography and catheter placement 
in their initial work-up if possible. We attempt to define the ductal anat- 
omy by other means, including ERCP, before proceeding to this type of 
technique. 

Finally, Dr. Voyles, we appreciate your comments. There have been 
several studies that have suggested that endoscopically-placed drainage 
catheters are associated with a much lower incidence of complications 
than percutaneously placed catheters. As far as we are aware, no reported 
studies have yet compared endoscopic drainage and resection to surgery 
alone. 
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Results of Direct Surgical Ablation of Ventricular 
Tachycardia Not Due to Ischemic Heart Disease 





GERALD M. LAWRIE, M.D.,* ANTONIO PACIFICO, M.D.,t and RAJ KAUSHIK, M.D.* 


Surgical treatment of sustained ventricular tachycardia due to 
nonischemic causes is uncommon. Nonischemic ventricular 
tachycardia was treated in 14 patients by map-directed surgical 
ablation of an arrhythmogenic site. There were 9 male and 5 
female patients. The mean age was 33 + 13.4 years (range, 15 
to 57 years). The etiology was idiopathic in 4 patients, cardio- 
myopathy in 3, acute myocarditis in 1, arrhythmogenic right 
ventricular dysplasia in 2, tumor in 1, postoperative Tetralogy 
of Fallot in 2, and acute bacterial endocarditis in 1. Pre- and/or 
intraoperative electrophysiologic mapping was achieved in 13 of 
14 patients. A variety of operations were performed without 
death. Two late deaths have occurred, neither of them, however, 
from arrhythmias. After operation two patients had recurrent 
arrhythmias. Surgery for nonischemic ventricular tachycardia is 
safe and effective and should be considered early in the course 
of these mostly young patients. 


LTHOUGH MOST PATIENTS who present with 
sustained ventricular tachycardia have devel- 
oped complications of coronary artery disease, 
some will have ventricular tachycardia arising from 
nonischemic etiologies. This is especially the case in 
younger patients. Of 665 patients enrolled in an Inter- 
national Surgical Registry, 10% of patients had nonisch- 
emic ventricular tachycardia secondary to a variety of 
conditions.! Reports of series of adult patients who un- 
derwent surgical treatment of nonischemic ventricular 
tachycardia are uncommon.’ 
The purpose of this report is to describe our experience 
with the surgical ablation of ventricular tachycardia of 
nonischemic origin. 


Materials and Methods 
Patient Characteristics 


Between 1980 and 1988, 14 patients underwent surgical 
ablation of drug-resistant sustained ventricular tachycar- 
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dia (VT) of nonischemic origin. These 14 patients ac- 
counted for 18% (14 of 79 cases) of a total personal ex- 
perience of direct surgical ablation of VT. There were 
nine male and five female patients. The mean age was 33 
+ 13.44(SD) years, range 15 to 57 years. The character- 
istics of these patients are summarized in Table |. The 
mean preoperative left ventricular ejection fraction was 
56.4% + 13.39%. The mean number of drugs failed was 
3 (range, 1 to 5). Amiodarone had been used before op- 
eration in two patients. 


Electrophysiological Evaluation 


Ventricular tachycardia was considered to be sustained 
if it lasted more than 30 seconds or if cardioversion or 
pace termination was required for treatment of hypoten- 
sion. Monomorphic VT was considered to be present if 
only one VT morphology was observed clinically and the 
same single sustained VT was observed at electrophysi- 
ology testing. Multiple monomorphic morphology were 
considered present if QRS structures resembling right and 
left bundle branch block were present or there was a di- 
vergence of the frontal plane axis by more than 90°. Ac- 
cordingly, a single monomorphic VT was present in ten 
patients and multiple monomorphic VTs were present in 
two patients. Incessant drug refractory polymorphic VT 
was observed in one patient. Severely symptomatic, fre- 
quently occurring, nonsustained VT was resistant to mul- 
tiple medications, including amiodarone, was treated in 
one patient. 

Preoperative mapping was considered to have been ac- 
complished if four or more endocardial sites were mapped 
during VT. Intraoperative mapping was defined as having 
been done if 20 epicardial and/or endocardial sites had 
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k TABLE 1. Clinical Characteristics of 14 Patients with Nonischemic VT Who Underwent Direct Surgical Ablation 
Intra- 
operative Postoperative 
Mapping : ss 
Pt. Pathologic Preoperative Preoperative Alive/ VT Antiarr, 
No. Age Diagnosis EF No. Morph. Drugs Mapping Epi Endo Site of VT Operation Dead Yes/No Drugs 
1 51 ABE 65 Polymorphic Lidocaine No No No Mitral MVR Alive No No 
(Mitral) Pronestyl Annulus 
2 15 IP 67 | Inderal Yes Yes No LV Apex Cryoablation Alive No No 
KB Norpace Division 
Pronestyl Kent Bundle 
» soo Local 45 l Amiodarone Yes Yes- . Yes LY lateral Resection of mass Alive No No 
e- CM Dilantin wall 
Quinidine 
4 36 T of F 67 l Inderal Yes Yes No RV anterior RV resection Alive No No- 
Pronestyl wall Cryoablation 
Dilantin Closure VSD 
Norpace 
> oT CM 30 l Quinidine Yes No No Inferior Ventriculotomy, Dead No No 
Pronestyl septum’ Cryoablation 
Reoperation 
6 28 Lipoma 55 js Quinidine Yes No No LV Resection of Alive No No 
Norpace lipoma 
Pronestyl 
7 20 T of F 67 2 Dilantin Yes Yes No RV anterior RV resection Alive No No 
“ Procainamide wall Cryoablation 
t © Closure VSD 
oP. $] AFT 67 | Procainamide Yes Yes No RV RV isolation Dead No No 
ARVD Quinidine Cryoablation 
Inderal Ablation AFT 
me’ 3 AM 35 1 Mexilitine Yes Yes Yes LV Myocardial Alive Yes Yes 
Flecainide Apex Resection 
Cryoablation 
10s 38 IP 60 1 Digoxin Yes Yes. . Ye: LY Left Alive No No 
Quinidine Apex ventriculotomy, 
VCL Cryoablation 
Flecainide 
Propranolol 
l1 40 IP 60 l Lidocaine Yes Yes Yes LV Left Alive No No 
CAD Apex ventriculotomy, 
Cryoablation 
E CABG 
12 15 CM 65 1 Lidocaine Yes Yes Ya NRY Resection Alive No No 
Basal Cryoablation 
Septum 
R o 25 ARVD 70 2 Lidocaine Yes Yes Yes RV RV isolation Alive Yes Yes 
Pronestyl Cryoablation 
Mexilitene 
Flecainide 
14 29 IP 45 1 Quinidine Yes Yes Yes LV Ant. Cryoablation Alive No No 
Encainide Base 
Pronestyl 
Amiodarone 


Flecainide 
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ABE = acute bacterial endocarditis; IP = idiopathic; KB = Kent bundle; CM AM = acute myocarditis, CAD = coronary artery disease. E 

= cardiomyopathy; T of F = Tetralogy of Fallot; AFT = atrial focal tachycardia; ARVD = arrhythmogenic right ventricular dysplasia. 
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Fic. 1A-C. (A) Preoperative endocardial catheter map of the right ventricle of patient 12 during VT. Earliest sites of activation were -40 msec to 
-30 msec before the onset of the QRS adjacent to the membranous septum and tricuspid annulus. (B) Intraoperative data obtained with a hand-held 
bipolar electrode probe for the activation sequence of the right ventricular septum during VT. The earliest site of activation was at -10 msec anterior 
to the membranous septum (MS) below the aortic root (AO) and at the base of the crista supraventricularis. Numbers | to 5 refer to arbitrary 
reference sites on septal part of tricuspid annulus. Maximum His potential was at site 5. (C) Location of cryolesions and extent of resection of the 
septal margin of the crista supraventricularis. Right bundle-branch block was produced with preservation of the left bundle. 


been mapped during VT. Three to five quadripolar cath- 
eters were inserted into the left and right ventricles of 
each patient and attempts were made by programmed 
stimulation to induce all previously documented forms 
of ventricular tachycardia. After initiation of each ar- 
rhythmia, catheter positions were verified by biplane 
fluoroscopy, and bipolar electrograms were recorded from 
as many sites in both ventricles as possible. Recordings 
from 10 to 40 sites were usually obtained. A standardized 
grid with adjacent mapping sites 2 cm to 2.5 cm apart 
(measured by comparison with catheter interelectrode 
distances) was superimposed so that the location of each 
site could be determined.’ The electrograms used to de- 
termine local activation were those that contained high- 
amplitude, high-frequency components. The activation 
time at each site was measured from the onset of the sur- 


face QRS to the point on the electrogram at which the 
most rapid deflection crossed the baseline. The earliest 
site of endocardial activity was therefore defined as that 
with the earliest activation occurring before the surface 
QRS during the latter half of electrical diastole. 
Intraoperative mapping was performed during nor- 
mothermic bypass. Anesthesia was induced and main- 
tained with intravenous narcotic agents in an effort to 
avoid the antiarrhythmic effects of inhalational agents. 
Recent experimental data has supported the importance 
of these clinical observations.* Both epicardial and en- 
docardial mapping of all morphologically distinct tachy- 
cardias was attempted. In our initial experience this was 
performed with sequential positioning of hand-held bi- 
polar electrodes. When the preoperative studies suggested 
early right ventricular activation, the right ventricular en- 
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FIG. 2. Sock electrode array used for epicardial mapping. Bipolar electrode pairs are mounted on Mylar printed circuit strips. 


docardium was also mapped through the tricuspid valve 
(Fig.1). Multiple sites were recorded on an intraoperative 
mapping grid. The distance between each site was 1 cm 
to 1.5 cm. The site of earliest identified endocardial ac- 
tivity was further determined by intraoperative endocar- 
dial mapping when possible. When ventricular tachycar- 
dia was noninducible or nonsustained, the preoperative 
catheter map alone was used to guide the surgical pro- 
cedure. Epicardial map data were used for this only when 
adequate endocardial data could not be obtained. 

In our more recent experience, in 6 of 14 patients, a 
custom computerized mapping system was used to record 
up to 120 epicardial bipolar electrograms from a sock 
electrode array (Fig. 2) and up to 80 endocardial bipolar 
electrograms from a balloon electrode array (Fig.3). The 
sock electrode array is positioned over the epicardium of 
the right and left ventricles. The balloon array is placed 


FIG. 3. Balloon electrode ar- 
ray used for right and left 
ventricular endocardial elec- 
trode arrays. The balloon is 
inflated after insertion. 


within the right or left ventricles via the atrioventricular 
valves (Fig.4). 


Surgical Techniques 


Surgical techniques employed for ablation of VT varied 
according to the pathologic condition present. All oper- 
ations were performed during total cardiopulmonary by- 
pass with bicaval cannulation except for resection of the 
lipoma, which was performed without bypass. In patients 
with idiopathic VT or VT due to cardiomyopathy, in the 
initial experience access to the endocardial sites was ob- 
tained via right or left ventriculotomies followed by re- 
section of muscle and application of cryothermia. Sub- 
sequently the ventricular endocardial mapping has been 
performed by inserting the balloon electrode array through 
the mitral or tricuspid valve annuli, as described above 
(Fig. 4). Following localization of arrhythmogenic areas, 
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FIG. 4. Diagram showing balloon electrode array passed through the 
mitral valve and inflated against the left ventricular endocardium. 


ablation has been performed with a custom cryothermia 
probe passed through the aortic, mitral, or tricuspid annuli 
(Figs. 1C, 5, and 6). 

The two patients with arrhythmogenic right ventricular 
dysplasia underwent a modification of the right ventricular 
isolation procedure? in which the entire anterior wall of 
the right ventricle was completely circumscribed (Fig. 7). 
Both patients with VT late after repair of Tetralogy of 
Fallot underwent closure of residual ventricular septal de- 
fects, excision of the previous outflow tract patches, and 
resection of scarring around the patches. The patient with 
localized cardiomyopathy (patient 3, Table 1) underwent 
local excision of the muscle mass with primary reapprox- 
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Fic. 5. Endocardial cryoablation of left ventricular arrhythmogenic focus 
without ventriculotomy via the mitral annulus. 
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FIG. 6. Endocardial cryoablation of a focus high on the anterior wall of 
the left ventricle employed in patient 14. The cryoprobe was passed 
through the aortic valve. Epicardial lesions were also placed. 


imation of the lateral left ventricular wall defect (Fig.8). 
The patient with the lipoma underwent extensive but in- 
complete resection. Some of the lipoma was infiltrating 
the myocardium and lying under the epicardial coronary 
arteries (Fig.9). The patient with acute bacterial endocar- 
ditis underwent mitral valve replacement and debride- 
ment of subannular left ventricular abscesses. 

Prior to hospital discharge, all patients underwent an 
electrophysiology study using the epicardial pacing wires 
left at surgery. The study protocol used was the same as 
that which induced the preoperative arrhythmia but in- 
cluded one additional extrastimulus. Epicardial stimula- 
tion was performed from the right ventricular apex at 
three drive cycle lengths (600,500 msec and 400 msec). 

After discharge from the hospital, the patients were fol- 
lowed by visits to their private physicians, frequent tele- 
phone interviews, and transtelephonic EKG monitoring 
of any symptomatic arrhythmias. Complete follow-up was 
obtained for all patients. 


Statistical Analysis 


The data from this study were recorded on standardized 
data sheets and were entered into a custom data base sys- 
tem written in MUMPS (Intersystems Inc., Cambridge, 
MA; M/VS (V2.2)). Analyses were performed by means 
of Kaplan-Meier curves to estimate survival probability 
after operation. 
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FiG. 7. Isolation procedure for the anterior wall of the right ventricle 
employed in patients 8 and 13. The circles indicate cryolesions employed 
to join the corners of the anterior right ventricular flap to the tricuspid 
annulus. Pacing of the flap and the rest of the heart demonstrated com- 
plete electrical dissociation of the flap. 


Results 


Preoperative endocardial mapping was obtained in 13 
of 14 patients. Epicardial and endocardial mapping was 
obtained during operation in 7 patients, epicardial data 
only in 4 patients,and no intraoperative data was collected 
for 3 patients. An example of the computerized mapping 
data is shown in Figure 10. 

There were no perioperative deaths. Recurrent VT oc- 
curred in the perioperative period in two patients. One 
patient (No. 5) had congestive cardiomyopathy, was re- 
operated on five days after initial operation using a new 
technique, and was cured. The other patient had acute 
myocarditis on endocardial biopsy specimens and was 
treated with amiodarone. He remains free of VT 2 years 
after operation. 

Recurrence of VT has occurred in only one patient 
after hospital discharge. This patient had arrhythmogenic 
right ventricular dysplasia involving both ventricles and 
two VT morphologies. He was noninducible at predis- 
charge electrophysiological testing but developed a recur- 
rence of VT within 2 months of operation. This VT was 
inducible by isoproterenol infusion but not by pro- 
grammed stimulation. He was treated with beta blocking 
agents. 
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FIGS. 8A and B. (A) Site of mass of hypertrophied myopathic muscle. 
The VT was demonstrated to be arising from this area by pre- and in- 
traoperative mapping. (B) Cure of VT was effected by simple excision 
and reapproximation of the left ventricle. 
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FiG. 9. Intraoperative photograph of the lipoma of patient 6. The apex 
of the left ventricle is seen emerging from the large infiltrating lipoma. 
The bilobed tumor is seen extending in a semilunar fashion from the 
inferior right ventricle at left to the obtuse margin of the heart at the 
right. 
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Fics. 10A-C. Intraoperative computer generated mapping data from patient 10. (A) Epicardial map in sinus rhythm obtained with the sock electrode 
array from a single cardiac cycle. Note earliest activation over the anterior right ventricle at 24 msec after the onset of the surface QRS. Also note 
early activation of the inferolateral left ventricle at 16 msec to 24 msec related to activation of the inferior mitral papillary muscle. (B) In VT, earliest 
epicardial activation is at the inferoapical left ventricle at 24 msec to 30 msec. (C) Endocardial mapping data obtained with the balloon electrode 
array. Earliest activation is at the inferoapical septum at -8 msec to 0 msec. (The atrioventricular groove is at top and the apex at the bottom of the 
figures) PDA, posterior descending coronary artery; AM, acute marginal branch of right coronary artery; LAD, left anterior descending coronary 
artery; OM, obtuse marginal coronary artery. The numbers are the time in milliseconds before or after the onset of the surface QRS as defined in 
the text. For the epicardial maps the heart is represented as split along the PDA and laid flat. For the left ventricular endocardial map the heart is 
split along the OM and laid flat. The septum is the middle panel, with the anterior wall to the left and the inferior wall to the right. 
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FIG. 11. Kaplan-Meier curves of survival probability for 14 patients with 
nonischemic VT and 65 patients with ischemic VT who underwent map- 
directed ablative surgery. 


Two late deaths have occurred. One patient with 
congestive cardiomyopathy died 6 months after discharge 
of congestive heart failure (patient 5, Table 1). One patient 
with arrhythmogenic right ventricular dysplasia died of 
carcinoma of the uterus 3.5 years after discharge (patient 
8, Table 1). Kaplan-Meier curves of survival probability 
are shown in Figure 11 for the 14 patients with nonisch- 
emic VT and for comparison, the survival of 65 patients 
with VT of ischemic origin operated on during the same 
period is also shown. 


Discussion 


Although data regarding the surgical treatment of non- 
ischemic VT is limited, our experience and that of others’ 
has confirmed that in appropriately selected patients, the 
surgical treatment of nonischemic VT can be safe and 
effective. Although the causes of VT in this group were 
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_ many, most patients selected for surgery were young and 


had well-preserved left ventricular function. It should be 
emphasized that in many nonischemic patients there are 
no visible epicardial or endocardial lesions to guide the 
site or extent of the surgical procedure. Thus accurate 
pre- and intraoperative mapping is especially important. 
This has been greatly facilitated by the availability of 
computerized mapping techniques. 

It is important to determine the pathologic cause of 
the VT in these patients. This requires clinical evaluation 
followed by cardiac catheterization, coronary angiogra- 
phy, and in many cases, endomyocardial biopsy. Echo- 
cardiography is of great value. A specific cause for the VT 
will be identifiable in most cases because truly idiopathic 
VT is uncommon. We encountered four patients whom 
we classified as having idiopathic ventricular tachycardia 
because the results of noninvasive and invasive cardiac 
evaluation including endomyocardial biopsy were normal. 
Patients with apparently normal hearts frequently are 
found to have abnormalities on endomyocardial biopsy 
and right ventricular biopsies do not rule out discrete 
myocardial lesions elsewhere. Strain et al.® found positive 
right ventricular biopsy results in 89% of 18 patients with 
ventricular tachycardia and normal hemodynamic and 
angiographic findings. In our own experience’ with the 
evaluation of 33 patients with “idiopathic” VT, only 9% 
had normal biopsies. Thus it is likely that even the “id- 
iopathic” patients do have an anatomical substrate for 
their arrhythmias. 


Cardiomyopathy 


In regard to the specific conditions that have been op- 
erated on, the idiopathic and cardiomyopathy categories 
have been the most common. Patients with nonischemic 
cardiomyopathy complicated by sustained ventricular ar- 
rhythmias have a serious prognosis.!®!! Electrophysiolog- 
ically guided drug therapy that suppresses these arrhyth- 
mias is effective in reducing the risk of arrhythmic death.!” 
However only in about one fourth to one half of patients 
can a successful drug regimen be identified.!* These non- 
responding patients should be evaluated for surgical ther- 
apy as should those in whom drug intolerance or loss of 
drug effectiveness occurs. 

Endomyocardial biopsy has been of great value in 
avoiding operation on patients with cardiomyopathy who 
have subclinical acute myocarditis. This must be excluded 
before surgery can be considered. Operation should be 
avoided in the acute phase of myocarditis because of the 
possibility of spontaneous remission of VT and because 
left ventricular dysfunction mav occur in the perioperative 
period due to exacerbation of the myocarditis. 

The degree of impairment of left ventricular function 
and the severity of congestive heart failure are critical fac- 
tors in deciding on which form of surgical therapy to rec- 
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ommend. In patients with dilated cardiomyopathy and 
left ventricular ejection fractions below 20%, we feel that 
map-directed surgical ablation of the arrhythmogenic tis- 
sue is best avoided. Although successful ablation and. hos- 
pital survival can be achieved, the severity of congestive 
heart failure is the major determinant of late survival. In 
these patients, instead of ablative surgery, cardiac trans- 
plantation should be given serious consideration. If the 
patient is not a candidate for this, then the automatic 
implantable cardioverter defibrillator (AICD) ts a useful 
option. The AICD is also valuable for those patients with 
dilated cardiomyopathy who have multiple disparate sites 
of origin of ventricular tachycardia. 


Arrhythmogenic Right Ventricular Dysplasia 


Arrhythmogenic right ventricular dysplasia is a con- 
dition in which the right ventricular myocardium is re- 
placed in an irregular fashion by fatty infiltration and fi- 
brosis. It appears to be a progressive process.'* Although 


initially described as predominantly involving the free wall 


of the right ventricle, it is now recognized that left ven- 
tricular involvement of lesser degree is also frequently 
present.!* A familial incidence has been noted." 

Uhl’s anomaly appears to be a distinct condition in 
which muscle is completely absent from the anterior wall 
of the right ventricle.!°!” The anterior wall has the ap- 
pearance of parchment and bulges in systole. 

The most common clinical manifestation of arrhyth- 
mogenic right ventricular dysplasia is VT.'® Although the 
prognosis is good with drug therapy, some patients have 
drug refractory symptomatic VT and should be considered 
for surgical intervention. 

The results of the surgical treatment of this condition 
were reported in 12 patients.'? The dysplasia appeared at 
operation to be especially severe in the right ventricle at 
the infundibulum, the right ventricular apex, and on the 
basal diaphragmatic surface of the right ventricle. Initially, 
guided by epicardial mapping during ventricular tachy- 
cardia, surgery consisted of one or more right ventricu- 
lotomy incisions or localized excisions through the site 
or sites of earliest epicardial activation. The sites of delayed 
ventricular potentials during sinus rhythm or atrial pacing 
were also used to guide incisions. All 12 patients survived. 
Ventricular tachycardia recurred in four patients but drug 
therapy was required in only two patients. Another patient 
with Uhl’s anomaly died eight days after operation.!? 

The significant recurrence rate that they encountered 
was thought to be due to the diffuse involvement of the 
right ventricle. Therefore, the more extensive procedure 
of total disconnection of the right ventricular free wall 
was developed.” This operation involves making a trans- 
mural incision around the attachments of the right ven- 
tricular free wall to the left ventricle. 
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The effects of this procedure have been studied exten- 
sively in animals. Complete electrical isolation of the nght 
ventricular free wall is achieved.*! In addition, it becomes 
difficult to induce sustained arrhythmias in the isolated 
segment, possibly due to the fact that the critical mass of 
myocardium necessary for propagation of ventricular ar- 
rhythmias is no longer present in the isolated segment.”! 
‘The hemodynamic effects are dependent on whether the 
right ventricular free wall 1s allowed to remain noncon- 
tractile or is paced synchronously with the left ventricle. 
When noncontractile, there was a marked depression of 
right ventricular function with an associated worsening 
of left ventricular function. These changes were largely 
reversed by pacing of the right ventricle.” 

Although theoretically an attractive procedure, reports 
ofits application in the complete form with total anterior 
and inferior wall disconnection have been infrequent.?°?? 
Guiradon, et al. reported two successful complete isolation 
procedures.“ Cox reported two cases in which clinical 
success was achieved but in whom adverse postoperative 
hemodynamic changes in right and left ventricular per- 
formance were observed.” 

The total disconnection procedure may be required 
only in those patients who have frequent episodes of drug 
refractory polymorphic VT. However, in these patients, 


implantation of the AICD would now be a consideration. . 


Right ventricular isolation surgery should be performed 
only if the right ventricle is the site of involvement. If any 
arrhythmias arise from the left ventricle or if there is ex- 
tensive left ventricular involvement,'* they should be 
considered for AICD implantation. If left ventricular 
function is severely depressed, cardiac transplantation 1s 
an option. 


Cardiac tumors 


Tumors of the heart are rare. In a series of 480,331 
postmortem examinations, the incidence was only 
0.0017%.** Nonetheless, there is a well-established asso- 
ciation between certain ventricular tumors and intractable 
ventricular tachycardia. Excision of a variety of cardiac 
tumors has been reported to be associated with successful 
cure of ventricular tachycardia. 

Lipomas of the heart are very rare. Heath reported 
finding only 30 cases of lipoma in a literature review pub- 
lished in 1968.5 Lipomatous hypertrophy of the atrial 
septum is a well-recognized arrhythmogenic condition, 
but ventricular lipomas are rare. We could find no report 
of resection ofa lipoma for cure of ventricular tachycardia. 
Our own patient (No. 6, Table 1, Fig. 9) had a large bilobed 
benign lipoma causing intractable drug refractory ven- 
tricular tachycardia. Preoperative electrophysiologic 
studies showed a left ventricular site of origin of ventricular 
tachycardia. The anterior component was resected but 
the posterior left ventricular portion was intimately infil- 


LAWRIE, PACIFICO, AND KAUSHIK 


Ann. Surg. ¢ June 1989 


trating the left ventricular myocardium deep to the cor- 
onary arteries and could not be resected. Despite this, the 
patient has now been followed for 7.5 years, has given _ 
birth to two more children, and is asymptomatic on no 
medication. : 

Rhabdomyoma is the most common benign cardiac 
tumor in infancy and childhood and has been associated 
with ventricular tachycardia. These lesions appear to be 
hamartomas.” Tuberous sclerosis is also often present. 
Almost all (98%) rhabdomyomas are seen in children less 
than 16 years old and most are seen in infants and small 
children. Of surgical significance is the fact that they are 
frequently multiple with only 8% being solitary. The ven- 
tricles are the most common site but 30% arise from the 
atria. Of 36 patients with rhabdomyomas in 1 series, 3 
had ventricular arrhythmias.” 

Successful surgical excision of rhabdomyomas with cure 


‘of ventricular tachycardia has been reported.” In 1974, 


Engle, Ebert, and Redo reported excision of rhabdomy- 
omas and cure of ventricular tachycardia in two infants, 
but electrophysiological studies were not performed. Five 
other children were operated on at ages | month to 1 
year, 3 of whom had serious ventricular arrhythmias, and 
2 of whom had intraoperative endocardial mapping before 
excision.”® 

The Purkinje cell or histoid cardiomyopathy tumors?” 
are probably hamartomas and are seen commonly in in- 
fants who have intractable ventricular tachycardia. They 
are amenable to pre- and intraoperative mapping and ex- 
cision of cryoablation. Results of operation performed in 
11 of these infants with nine survivors were reported and 
all were cured of ventricular tachycardia.’ 

Cardiac fibromas are benign tumors arising from fi- 
broblasts. Although rare, accounting for less than 5% of 
all cardiac tumors, a series of 145 patients with cardiac 
fibromas was accumulated in a collective review.*° Of 
these, 118 (81%) were in children less than 15 years of 
age. Tachyarrhythmias were noted to be the presenting 
symptom in 19 (13%) of the patients. The most frequent 
site of tumors associated with ventricular tachycardia was 
the interventricular septum. There have been at least three 
reports of electrophysiologically guided operations?! for 
excision of fibromas causing ventricular tachycardia. Two 
of the operations were completely successful. In addition, 
there has been a report of a 17-year-old patient with an 
unresectable left ventricular fibroma who underwent car- 
diac transplantation for treatment of ventricular tachy- 
cardia.** | 

Hemangiomas account for about 4% of benign cardiac 
tumors but ventricular arrhythmias are rarely associated 
with them. 

Malignant primary cardiac tumors account for about 
20% of all cardiac tumors. Angiosarcomas and rhabdo- 
myosarcomas account for about 50% of these lesions. 
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Ventricular tachycardia is rare in these patients and we 
could find no report of surgical treatment of a malignant 
cardiac tumor for relief of ventricular tachycardia. 

Benign cardiac tumors are a rare but potentially cur- 
able cause of ventricular tachycardia and are encountered 
most often in young patients. Pre- and intraoperative 
mapping studies are feasible in these cases. Surgical ex- 
cision of the tumor is the ideal treatment but partial 
resection, isolating incisions, or cryoablation may pro- 
duce resolution of the VT. 


Postoperative Tetralogy of Fallot 


Total repair of Tetralogy of Fallot has produced excel- 
lent long-term functional and hemodynamic results in 
the majority of patients. However, complex ventricular 
arrhythmias have been observed frequently during long- 
term follow-up and sudden death has accounted for a 
significant proportion of late deaths after this operation. 
In 1 study,” of the 13 late deaths observed among 488 
patients, 9 were sudden and occurred at an average age 
of 16.5 years and at a mean interval of 6 years after op- 
eration. In a subgroup of 97 patients who underwent Hol- 
ter monitoring, ventricular arrhythmias were found in 71 
(73%) of patients. In 6% ventricular tachycardia was ob- 
served, In another-study,”° electrophysiologic studies were 
performed on 27 patients. Nonsustained ventricular 
tachycardia was induced in 26% of patients and sustained 
ventricular tachycardia was induced in 10%. The devel- 
opment of serious ventricular arrhythmias has been shown 
to be associated with older ages at operation and durations 
of follow-up from surgery, and to higher residual post- 
operative right ventricular systolic and end-diastolic pres- 
sures,’ 

In 1980, Horowitz et al.?” reported on the endocardial 
electrophysiological findings in four patients. Successful 
surgical ablation of the arrhythmias was performed in two 
of these patients with intraoperative electrophysiological 
guidance.” In both patients the right ventriculotomy scar 
was the site of origin and was widely excised. The right 
ventricle was closed with a pericardial patch. Garson? 
described experience with five patients in whom electro- 
physiologically guided surgery was performed. The sites 
of origin in their patients also included the septum and 
posterior infundibulum. Three of the five patients were 
cured and two were improved but required drug therapy. 


In another four patients with ventricular arrhythmias, se- - 


vere right ventricular hypertension was corrected by sur- 
gical revision of the outflow tract without an attempt to 
ablate the site of origin of the arrhythmias. In only two 
of these patients were the arrhythmias improved. In one 
they were unchanged and one had worsening of the ar- 
rhythmias. 
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Ventricular tachycardia and sudden cardiac death are 
uncommon but important late complications of surgical 
repair of Tetralogy of Fallot. 

We believe that direct surgery should be considered in 
postoperative Tetralogy patients with mappable drug re- 
fractory monomorphic VT. In patients with drug-respon- 
sive monomorphic VT but who have symptomatic pul- 
monary stenosis or recurrent ventricular septal defects, 
map directed surgery should also be considered. 


Valvular Heart Disease 


The most common arrhythmias associated with en- 
docarditis are due to damage to the specialized conduction 
tissue and include bundle-branch block and complete 
heart block. However, serious ventricular arrhythmias 
are a rare but important complication of bacterial endo- 
carditis. Their presence is usually associated with myo- 
cardial involvement by subannular abscess formation. If 
unresponsive to drug therapy, treatment should be by ur- 
gent operation, which consists of excision of the affected 
valve combined with debridement of the intramyocardial 
abscess. Valve replacement is then performed. 

Other forms of nonischemic valvular heart disease 
known to be associated with ventricular arrhythmias in- 
clude severe aortic stenosis and mitral valve prolapse. 

Ventricular arrhythmias and syncope are well-known 
complications of severe aortic valve disease. Late sudden 
cardiac death has been reported to occur in 10% to 40% 
of survivors of aortic valve replacement,*!*” although not 
all of these deaths were primarily arrhythmic. In patients 
with aortic valve disease and impaired left ventricular 
function that improved after aortic valve replacement, 
both the frequency and grade of ventricular arrhythmias 
have been decreased.*! However in four patients with a 
reduced pre- and postoperative ejection fraction, ventric- 
ular tachycardia was present in all patients before and 
after operation.” Gradman et al. performed Holter mon- 
itoring at a mean interval of 3.3 years after aortic valve 
replacement in 45 patients. Ventricular tachycardia was 
observed in 36% of the patients and was most common 
in patients with impaired left ventricular function.” 

These data suggest that in patients with good left ven- 
tricular function and preoperative ventricular arrhyth- 
mias, aortic valve replacement alone should be adequate 
treatment because the arrhythmias should improve. 
However patients with severely compromised left ven- 
tricular function and ventricular arrhythmias require pre- 
and postoperative evaluation of fheir arrhythmias. If elec- 
trophysiologically guided drug therapy is ineffective, the 
AICD is a useful adjunct in these patients if the aortic 
valve prosthesis is functioning normally. We have im- 
planted the AICD in two patients, both of whom were 
long-term survivors of aortic valve replacement and had 
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severely impaired left ventricular function despite good 
prosthetic valve function. Both had experienced recurrent 
syncope from ventricular arrhythmias. 

Mitral valve prolapse is a common condition that affects 
at least 5% of the adult population.*? The most common 
serious complications are progressive mitral insufficiency 
and bacterial endocarditis. However, patients with mitral 
valve prolapse also have been shown to have an increased 
risk of serious cardiac arrhythmias and sudden cardiac 
death.“ The latter complication has been observed most 
frequently in male patients with severe mitral regurgitation 
but 1t also has pen seen in patients without severe mitral 
valve disease.* 

In patients with symptomatic VT, medical therapy is 
usually effective, but if it is unresponsive, VT surgery 
should be considered. When severe mitral regurgitation 
is present, mitral valve repair or replacement may be in- 
dicated, but valve replacement or repair is not indicated 
for the treatment of arrhythmias in the presence of good 
valve function. If sudden cardiac death has occurred and 
the arrhythmias do not arise from a localized site, im- 
plantation of the AICD may be indicated. 

Ventricular tachycardia due to nonischemic causes 
should be considered in patients with recurrent sustained 
ventricular tachycardia but no complications of coronary 
artery disease. In most cases a specific etiology and lo- 
calized site of origin can be identified. Because most of 
these patients are young and have good left ventricular 
function, the risk of surgery is very low. Now.that intra- 
operative computerized mapping techniques are available, 
a high surgical cure rate of VT can be aoe in appro- 
priately selected patients. 
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DISCUSSION 


Dr. A. DAVID SLATER (Louisville, Kentucky): I would like to con- 
gratulate the authors on an excellent result in a problem that is unusual 
and has required some innovative approaches that are not commonly 
used in our surgical practice, even in this disease process. 

In our experience with nonischemic ventricular tachycardia, we have 
seen 3 patients who had systemic disease, 2 with sarcoidosis and 1 with 
lupus. These patients have had malignant ventricular tachycardia that 
has not been controlled with steroid therapy or medication. I wonder if 
the authors have seen this p-oblem related to systemic disease charac- 
terized by remissions and exacerbation and what their approach has 
been or would be. 


Dr. GERALD M. LAWRIE (Closing discussion): | appreciate Dr. Slater’s 
comments. 

We try to avoid operating on these people because, as you indicated, 
these arrhythmias usually subside when the systemic process subsides. 

It is interesting when we look at the history of idiopathic ventricular 
tachycardia, that as each new diagnostic test has become available, the 
number of idiopathic cases has continued to shrink. 

The only reason we classified any of our patients as idiopathic is because 
they did have normal endomyocardial biopsies; but of course, that does 


not rule out lesions in other areas, so we think all of these patients have 
lesions, but if we can’t find them, we do recommend endomyocardial 
biopsy in all of patients with nonischemic ventricular tachycardia and 
we do lock at them very closely to rule out reversible or systemic disease 
that can be managed by some means other than surgery. 

We did have that disappointment in the patient who had acute myo- 
carditis. We probably could have avoided operation had the diagnosis 
been apparent on his endocardial biopsy. It was apparent on the tissue 
that we resected from his left ventricle. 

I would also like to close with one brief comment regarding the role 
of the automatic implantable defibrillator in these patients. We have 
implanted 60 defibrillators, so we strongly support its use in appropriate 
patients, but the implantable defibrillator is not a curative therapy and 
is not a substitute for map-directed ablative surgery. The patients I have 
presented here who have been cured are truly free of their disease. They 
are able to live with no recurrence of VT and no drug therapy, and this 
applies also to the ischemic patients who are cured. 

On the other hand, the patients with the defibrillators are subject to 
repeated episodes of syncope, repeated episodes of discharge of the de- 
fibrillator, cannot drive an automobile, and generally remain, to some 
extent, incapacitated although certainly alive. 

Not all patients are suitable for map-directed surgery, but there has 
been a national tendency for the defibrillator to be regarded as a substitute 
for map-directed surgery, and I think this is incorrect. 
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102 patients with penetrating intraperitoneal colon injuries were 
entered into a prospective study. Colon wound management was 
undertaken without regard to associated injuries or amount of 
fecal contamination. Primary repair was performed in 83 patients, 
segmental resection with anastomosis in 12, and resection with 
end colostomy in 7. There were no suture line failures in the 
primary repair group, and one suture line failure in the anasto- 
mosis group. The one failure was in a patient who underwent 
repeated explorations for bleeding before the leak occurred. The 
septic complication rate was 33% of the entire series and was 
unrelated to primary repair. Logistic regression analysis to iden- 
tify risk factors for sepsis included transfusion = 4 units (p 
< 0.02), more than two associated injuries (p < 0.04), significant 
contamination (p < 0.05), and increasing colon injury severity 
scores (p < 0.02). The method of colon wound management, 
location and mode of injury, presence of hypotension (BP < 90), 
and age did not significantly contribute to sepsis. We conclude 
that nearly all penetrating colon wounds can be repaired primarily 
or with resection and anastomosis, regardless of risk factors. 


for trauma have occurred during wartime. At 
those points in history, large numbers of casu- 
alties must be managed in a concentrated time frame. 
Standard management protocols are developed based on 
experience gained from the sudden large trauma volume 
and due to insufficient numbers of surgical personnel 
skilled in managing injuries. Such has been the case with 
the management of penetrating wounds of the colon. 
Exteriorization of the wounded colon as a colostomy 
- became the established method of management of colon 
injuries in World War II and remains the most frequently 
used approach. Two major considerations are operative 
in altering this standard. First, civilian wounds are gen- 
erally less destructive than those resulting from high-ve- 
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locity missiles and shrapnel encountered during war. Sec- 
ond, important advances have been made in resuscitation, 
antibiotic therapy, and development of trauma systems 
that allow for rapid, definitive surgical care. 

With these considerations, a trend toward primary re- 
pair of carefully selected patients with a low degree of 
injury has emerged.'~!° In these retrospective series, pri- 
mary repair accounted for a small percentage of the total 
population with colon wounds. A prospective trial in 1979 
demonstrated that 52% of penetrating colon wounds could 
be managed safely without colostomy.'’ These patients 
were selected with respect to limited contamination, 
shock, and limited associated injury. In a recent, retro- 
spective report using more lenient criteria for primary 
repair, we were able to repair 64% of all injuries without 
a single failure. !? 

In the absence of any anastomotic failure, it was sug- 
gested that, indeed, all patients with penetrating colon 
wounds could be managed with primary repair. This pro- 
spective study addressed two questions: whether all non- 
devascularizing colon wounds could be managed by pri- 
mary repair; and whether devascularizing wounds could 
be managed by resection and anastomasis. | 


Materials and Methods 


All patients sustaining penetrating wounds to the in- 
traperitoneal colon were studied prospectively over a 28- 
month period ending November 5, 1988. Patients were 
not excluded from the study because of extensive con- 
tamination, shock, or associated injuries. 

Patient care was administered according to a standard 
protocol. Aggressive restoration of intravascular volume 
deficit was accomplished using lactated Ringer’s solution 
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and was supplemented with type O-n2gative or type-spe- 
cific uncrossmatched blood with exsanguinating hemor- 
rhage. Broad spectrum cephalosporin antibiotics were ad- 
ministered immediately to all patients. All patients with 
gunshot wounds to the abdomen were explored, as were 
patients with apparent intraabdominal penetration from 
shotgun wounds. Patients with stab wounds and clinical 
signs of peritoneal irritation underwent immediate celi- 
otomy. Stabbing victims with a clinically negative ex- 
amination underwent wound explcration under local 
anesthesia, and celiotomy was performed with penetration 
of the internal oblique fascia. 

After control of hemorrhage, the colon injury was as- 
sessed for extent of tissue damage and degree of fecal con- 
tamination. Associated organ injuries were identified and 
managed. Those colon wounds, wh:ch were not so de- 
structive as to require resection, were debrided and closed 
by a two-layer primary repair (inner layer of running 000 
chromic, and outer layer of interrupted 000 silk Lembert 
sutures). Those colon injuries requir_ng segmental resec- 
tion because of devascularization or extensive bowel wall 
destruction were managed by either end colostomy or 
primary two-layered anastomosis. At the beginning of the 
study, wounds requiring resection were managed by end 
colostomy. However, midway through the study, these 
patients had their management changed to primary anas- 
tomosis. This approach was initiated because of the uni- 
form success with primary repair in patients with signif- 
icant associated injury and contamination treated in the 
first half of the study. The peritoneal cavity was routinely 
irrigated with 5 L to 6 L of saline before abdominal clo- 
sure, and with extensive contaminat.on a pulsating pres- 
sure irrigation system was used. The fascia was closed 
with a running polypropylene suture, and the decision for 
or against skin closure was based cn severity of injury 
and degree of contamination. 

The evaluation of outcome was based on the devel- 
opment of complications either directly related to or likely 
related to the colon wound or its management. These 
included leak of the colon suture line, intraabdominal 
abscess, peritonitis, necrotizing fasciitis, wound infection, 
and death. The potential risk factors thought to influence 
the development of these complications were included in 
the prospective data collectior.. These potential risk factors 


included:(1) method of colon wound management; (2) - 


hypotension (systolic blood pressure less than 90 mm Hg 
before surgery); (3) transtusion requirements before and 
during surgery; (4) location of injury; (5) mechanism of 
injury; (6) degree of fecal contamination; (7) severity of 
colon injury; (8) penetrating abdominal trauma index)3; 
and (9) patient age. Transfusion requirements for each 
patient were recorded for the preoperative and intraoper- 
ative periods and were evaluated according to whether 
the patient received less thar. four or four or more units 
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of blood. Fecal contamination was classified as mild if 
there was a small amount of spillage confined to the im- 
mediate area around the injury, moderate when a some- 
what larger amount of spillage was confined to one quad- 
rant of the abdomen, and major if a large volume of fecal 
contamination was found in more than one quadrant. 
Two separate systems were used to stratify the severity of 
the colon wound. The colon injury severity score is that 
portion of the penetrating abdominal trauma index that 
pertains to that organ.®” There are five possible scores: 
I, serosal injury (not included in this study); H, single- 
wall injury; HI, less than 25% of the wall injured; IV, 
more than 25% of the wall injured; and V, colon wall and 
blood supply injury. The colon wounds were also classified 
by the colon grading system: Grade 1: minimal contam- 
ination, absence of associated injuries, minimal shock, 
and no significant delay between injury and operation; 
Grade 2: through-and-through perforation, laceration, and 
associated injuries; and Grade 3: severe tissue loss, heavy 
contamination, and deep shock.! 


Statistical Analysis 


Two specific areas were statistically scrutinized: 1) 
analysis of the potential risk factors for development of 
colon injury-related complication, and 2) statistical com- 
parison of the resection and anastomosis group to the 
resection and end colostomy group to evaluate if they 
were, indeed, similar populations. 

Univariate analysis was performed to determine the rel- 
ative chances ofa patient developing a specific complication 
after exposure to one of the nsk factors. Of all the com- 
plications that occurred, only wound infections and in- 
traabdominal abscesses occurred in a sufficient number of 
patients for estimating consistent, unbiased relative odds 
associated with potential risk factors. Analysis was also done 
on those who developed any complication and was com- 
pared to those who remained free of complications. Sig- 
nificances of potential risk factors were determined by chi- 
square tests of homogeneity or by Fisher’s exact two-tailed 
tests with an alpha (a) level of 0.05. 

Because trauma patients often are exposed to more than 
one risk factor, a multiple logistic regression model was 
fitted according to a stepwise procedure. Based on a pre- 
vious study at our institution,'* the variables most likely 
to influence the development of complications were the 
requirement of four or more units of blood, significant 
contamination, and PATI scores of 25 or more. These 
were entered into the regression analysis first and were 
tested for significance. Any other variables associated with 
the injury and its treatment were entered next. Demo- 
graphic variables were entered last. Relative odds of a 
patient developing any complication, an intraabdominal 
abscess, or a wound infection, and 95% confidence inter- 
vals were computed for each. 
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TABLE |. Associated Intraabdominal Injuries 





Injury n 
Small bowel 47 
Kidney 26 
Liver 25 
Stomach , 19 
Major vascular 14 
Duodenum 11 
Mesenteric vessels 9 
Spleen 
Pancreas 6 
Gallbladder 5 
Sacrum 2 
Uterus/ovary 2 
Ureter 1 
Total 175 


Nosocomial infections, such as urinary tract infections 
and pneumonia, were not included in the analysis of 
complications because these were not considered to be 
colon injury-related complications. 


Results 


During this study, 102 consecutive patients with pen- 
etrating injuries to the intraperitoneal colon were enrolled. 
There were 92 male and 10 female patients, with a mean 
age of 30 years (range of 13 to 64 years). The mechanisms 
of injury were 67% gunshot, 24% stab, and 9% shotgun 
wounds. Locations of the colon wounds were 21% right, 

31% transverse, 40% left, and 8% multiple. Associated 
‘injuries are listed in Table 1. The small bowel was the 
most common site of associated injury, occurring in 47 
patients. Fourteen patients sustained major vascular in- 
juries, 11 had duodenal injuries, and 6 had pancreatic 
injuries. Thirty-nine per cent presented with hypotension, 
and 32% required four or more units of blood transfused 
(median 7 units; range, 4 to 100 units). Mild contami- 
nation was present in 66%, moderate in 19%, and major 
in 15%. The time interval from injury to the operating 
room was less than 6 hours in 91% of the patients. Primary 
repair of the colon wound was performed in 81%, resection 
‘and end colostomy in 7%, and resection and primary 
anastomosis in 12%. | 
The potential risk factors were evaluated for their con- 
tribution to the development of septic complications. The 
univariate statistical analysis is outlined in Table 2. Lo- 
cation and mode of injury, management method, presence 
of hypotension, and age were not statistically significant 
in any of these complication groups. In those patients 
who developed wound infections, no other independent 
variable contributed significantly. In patients who devel- 
oped an intraabdominal abscess, significant contamina- 
tion (p < 0.02), more than two associated injuries (p 
< 0.03), and transfusion with four or more units of blood 
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(p < 0.03) contributed significantly to this problem. For 
those patients who developed at least 1 complication, sev- 
eral factors contributed significantly: transfusion with 4 
or more untts of blood (p < 0.02), more than 2 associated 
injuries (p < 0.04), increasing levels of colon injury se- 
verity score (p < 0.02), and significant contamination (p 
< 0.05). Those patients managed by primary repair are 
often less severely injured. Only 35% presented with hy- 
potension, and 28% required four or more units of blood, 
compared to 58% and 47%, respectively, for patients 
managed by resection; also, 16% of patients with primary 
repair had greater than two associated injuries, 36% had 
PATI scores of 25 or more, and 25% had significant con- 
tamination, compared to 42%, 84%, and 74%, respectively, 
for patients who had resection. When the two groups, 
resection with primary two-layered anastomosis and re- 
section with end colostomy, were compared there were 
no significant differences in risk factors. 

A multiple logistic regression model was then used with 
the same dependent variables (wound infection, intraab- 
dominal abscess, and any complication) against all the 
independent variables to formulate relative risks. The rel- 
ative risk of developing a wound infection was 1.9 (95% 
confidence interval, 0.98 to 3.67; p < 0.05) for increases 
in the colon injury severity score. The relative risks of 


=- developing an intraabdominal abscess were 3.2 (95% con- 


fidence interval, 1.14 to 9.21, p < 0.03) for transfusion 
requirements of 4 or more units, and 7.2 (95% confidence 
interval, 2.0 to 25.5; p < 0.02) for moderate to major 
contamination, compared to those of minimal contami- 
nation. The relative risk of developing any complication 
was 1.9 (95% confidence interval, 1.16 to 3.17; p. < 0.01) 
for increases in the colon injury severity score, and 2.9 
(95% confidence interval, 1.17 to 7.43; p < 0.02) for 
transfusions of 4 or more units of blood. When considering 
the type of repair, the relative risk of developing any com- 
plication is 3.1 (95% confidence interval, 1.35 to 7.1; p 
< 0.008) for resection, compared to primary closure. 
There were 14 patients (14%) who developed either in- 


. traabdominal abscess (12 patients) or diffuse suppurative 


peritonitis (2 patients). Ten of these patients had under- 
gone primary repair, three had resection and anastomosis, 
and one had resection and colostomy (Table 3). Eleven 
of the 13 patients undergoing repair or anastomosis re- 
quired abdominal reexploration for management of these 
complications, and two had percutaneous CT guided 
drainage. Ten of the 11 patients reexplored had intact 
suture lines without evidence of leak. One patient with 
peritonitis had a leak of the colon anastomosis as the 
etiology. At the initial operation, he had injuries to the 
liver, multiple small bowel wounds, stomach wounds, 
wounds of the night colon, and lacerations of the upper 
pole of the kidney and inferior vena cava at the iliac bi- 
furcation, in addition to the destructive splenic flexure 


ss 
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TABLE 2. Univariate Statistical Analysis of Potential Risk Factors Associated with Septic Complications 








Wound Infection Intraabdominal Abscess Any Complication 
Risk Factor (n) (%) (p) (n) (%) (p) (n) (%) (p) 
Management Method l 
primary repair (n = 83) 12 14 10 12 30 36 
resection, anastomosis (n = 12) 2 17 NS 3 25 NS 7 58 NS 
resection, end colostomy (n = 7) 2 29 1 14 6 86 
Location 
right colon (n = 21) 3 14 3 14 8 38 
transverse colon (n = 321 6 19 NS 4 12 NS 14 44 NS 
left colon (n = 41) 5 12 6 15 15 37 
multiple locations (n = £} 2 25 l 12 6 75 
Mechanism of Injury 
gunshot (n = 68) li 15 12 18 33 49 
stab wound (n = 25) 4 16 NS — — NS 5 20 NS 
shotgun (n = 9) l l1 2 22 5 56 
Shock and Transfusions 
blood pressure < 90 (40) 7 12 6 15 19 47 
blood pressure = 90 (62) 9 17 NS 8 13 NS 24 39 NS 
transfusions = 4 (32) 4 12 NS 9 28 NS 22 69 p < 0.02 
transfusions < 4 (70) ' 12 y ae 5 7 21 30 
Contamination 
mild (n = 67) 12 18 4 6 20 30 
moderate (n = 19) 2 10 NS 3 16 p < 0.02 7 37 p < 0.05 
major (n = 16) p 12 7 44 16 100 
Associated Injuries 
>2 (n = 21) 2 10 8 38 17 8i 
s2 (n = 81) 14 17 NS 6 7 p < 0.03 26 32 p < 0.04 
Penetrating Abdominal 
Trauma Index 
225 (n = 46) 7 15 10 22 26 57 
<25 (n = 56) ç 16 NS 4 7 NS 17 30 NS 
Colon Injury Severity Score . 
II (n = 16) 2 12 2 12 4 25 
II (n = 35) . 14 3 9 10 29 
IV (n = 31) ` s 16 NS 5 16 NS 16 52 p < 0.02 
V (n = 20) 4 20 4 20 13 65 
Flint Colon Grading System 
One (n = 10) fi 20 l 10 3 30 
Two (n = 76) iZ 16 NS 9 12 NS 29 38 NS 
Three (n = 16) 2 12 4 25 ii 69 


colonic injury. He developed a coagulopathy during sur- days later he was reexplored for sepsis, and the anasto- 
gery and was packed with gauze laparotomy pads. He was motic leak was found. The anastomosis was taken down 
reexplored 24 hours later for pack removal and required and converted to end colostomy. 

repacking. These pads were removed 24 hours later. Three There were three deaths (3%), but none were directly 


TAELE 3. Colon Wound Repair Methods and Occurrence of Septic Complications 


Primary Repair Resection and Anastomosis Resection and Colostomy 

(n = 83) (n = 12) (n = 7) 
Wound infection 12 (14%) 2 (17%) 2 (29%) 
Wound dehiscence 4 (5%) 0 0 
Intraabdominal Absc2ss/Peritonitis 10 (12%) 3 (25%) i 1 (14%) 
Necrotizing fasciitis 2 (2%) 1 (8%) 0 
Colon repair dehiscence 0 1 (8%) — 
Stomal evisceration — vm 1 (14%) 
Overall Complicatior rate 22/83 6/12 6/7 

(26%) (50%) (86%) 
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related to the colon wound. One patient who had primary 
colon repair died the day before discharge, and autopsy 
demonstrated no intraabdominal or other significant 
pathologic condition, and cause of death was assigned to 
cardiac arrhythmias. A second death was due to myocar- 
dial infarction in a patient treated by resection and co- 
lostomy. The third death occurred in a patient with re- 
section and colostomy who developed necrotizing pan- 
creatitis and necrotizing Candida tracheitis. 


Discussion ; 


It has been established that injuries to the colon result 
in greater morbidity than do injuries to most of the other 
abdominal organs. This morbidity is due to septic com- 
plications from fecal contamination and the associated 
colonization of a large variety and number of microor- 
ganisms, the most significant and virulent being the aero- 
bic and anaerobic gram-negative rods. In the absence of 
gastrointestinal injury, incidence of septic morbidity in 
patients with penetrating abdominal wounds is basically 
the same as in elective procedures. '4 

The incidence of septic complications from colon in- 
juries has been reported to be from 20% to 60%1*!!1415 
and was noted in 33% of patients in the present report. 
Generally it is accepted that multiple factors working in 
concert with heavy bacterial colonization progress to in- 

_vasive infection. The degree of contamination, depth of 
shock, associated injuries, interval from injury to repair, 
patient age, and type of colon wound may act as covari- 
ables to influence the outcome. The significance of these 
variables remains ill defined. 


The traditional management of colon wounds by ex- ° 


teriorization or proximal colostomy was influenced by 
the wartime experience that these injuries resulted in a 
high complication rate. These unacceptably high morbid- 
ity and mortality rates associated with colon wounds and 
primary repair in the early months of World War II led 
the Surgeon General of the United States to establish ex- 
teriorization as the appropriate method of management.!° 
This solution to the excessive rate-of-morbidity problem 
was transferred to the civilian setting after the war. Sig- 
_ nificant medical and surgical advances made in the half 
century since World War II prompted a change in surgical 
attitudes toward primary repair of colon injuries. Five 
recent series**''-'*!> have reported a 49% to 64% rate of 
primary repair of colon injuries, with sporadic reports of 
experience with resection and anastomosis. The guidelines 
for primary repair have been somewhat unclear in all but 
one’! of those reports. This study defined seven criteria 
of severity (none being present would permit safe primary 
repair): (1) preoperative shock (blood pressure less than 
80/60); (2) more than 1000 cc of intraperitoneal hemor- 
rhage; (3) more than two intraabdominal organ systems 


injured; (4) significant fecal peritoneal contamination; (5) 


operation begun more than 8 hours after injury; (6) colon 
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‘wound so destructive as to require resection; and (7) major 


abdominal wall loss of substance or the need for mesh 
for repair. One fecal fistula, which closed spontaneously, 
developed in the 67 patients with primary repair. This 
study demonstrated that 52% of colon injuries could be 
safely repaired primarily. A retrospective study’? that ap- 
plied these same criteria, exluding liberalization of blood 
loss and associated injury parameters, increased the pri- 
mary repair rate from 52% to 64%; no colon repair de- 
hiscences were noted in 73 patients. There were no sig- 
nificant problems or failures associated with primary re- 
pair in the other reports.**!> The consistent success in 
these reports indicates either that the investigators very 
precisely defined the appropriate patients for primary re- 
pair or that a number of those treated by exteriorization 
and colostomy could have been safely managed by pri- 
mary repair. 

Flint et al.! suggested that wounds with a colon grade 
score (see Methods) of I could be primarily repaired (16% 
of their patients); 10% of our patients had grade I injuries, 
yet 93% had primary repair or anastomosis, with one fail- 
ure. Shannon and Moore suggested that primary repair 
could be done in patients without hypotension and with 
penetrating abdominal trauma indices of less than 25 (62% 
of their patients had a PATI of < 25), and 49% of the 
patients in their series had primary repair. In contrast, 
45% of our patients with primary repair had a PATI of 
25 or more, and 40% presented with hypotension.-Adkins 
et al.* and Burch et al.'° suggested colostomy for patients 
with significant associated injuries and contamination and 
reported primary repair in 64% and 52%, respectively; in 
this study, 18% with primary repair had more than two 
associated injuries, 30% required more than four units of 
blood, and 30% had significant contamination. 

The reluctance to aggressively pursue primary repair 
or anastomosis has also partially resulted from the com- 
mon belief that septic complications frequently occur be- 
cause of this method of treatment. It has been assumed 
that postoperative intra-abdominal infections either would 
precipitate suture line failure or be the consequence of 
such. The analysis of complications and risk factors in 
this report verified the high rate of sepsis (33%) occurring 
in patients with colon injury. The significant risk factors 
for sepsis were transfusion of four or more units of blood 
(p < 0.02), more than two associated injuries (p < 0.04), 
increasing levels of the colon injury severity score (p 
< 0.02), and significant contamination (p < 0.05). Al- 
though intra-abdominal sepsis was common, this did not 
precipitate repair failure nor did failure of repair produce 
the septic complications (with the single exception). 

When a new approach to a clinical situation is proposed, 


it should be demonstrated that the standard method is 


unsatisfactory and that the new approach will not lead to 
greater problems. Increased cost and morbidity rate are 
two.of the major shortcomings of colostomy closure; sepsis 
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or death from suture line failure wouki certainly override 
these concerns. However, those septic complications were 
not precipitated by prior repair in this study. Cost data 
for the five surviving patients undergoing colostomy clo- 
sure were analyzed. Hospital charges, including per diem 
room fees, operating room charges, laboratory tests, and 
ancillary charges averaged $6.765, and physician fees for 
anesthesia and surgery averaged $1,700. The total charges 
for each patient were $8,465. Had the other 95 patients 
treated by repair undergone colostomy, the total charges 
would have been $804,175. In addition to these direct 
costs, a large amount of revenue would be lost from the 
disability period of 6 to 8 weeks between initial hospital 
discharge and colostomy closure. 

The fact that primary repair or anastomosis was applied 
in 93% of penetrating colon wounds in this study, with 
only one failure, strongly suggests that this should be the 
standard approach in the nonmilitary setting. We now 
reserve colostomy for patients with a prolonged delay to 
surgery, or for those rare cases with severe blood loss that 
require packing for coagulopathy. 
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DISCUSSION 


Dr. DAVID V. FELICIANO (Houston, Texas): The major operative 
advances in the care of patients with abdominal trauma in the last 10 
years have occurred in the areas of hepatic, srlenic, pancreatoduodenal, 
and colonic trauma. In this latter group, a select number of modern 
trauma centers have pushed the rate of primary repair to higher and 
higher levels. 

(Slide) In 1985, Drs. Jon Burch and George L. Jordan, Jr., presented 
a landmark paper that described the rapid evolution of primary repair 
in our center. In the last year of that 6-year review, note that 65% of 
colonic injuries were treat2d by primary repzir. 

(Slide) In the last 3 years, since that study, our rate of primary repair 
has averaged 76%, and in this very year, 1983, the rate is 89%, which is 
essentially the same as the 93% reparted by Drs. Fabian, Britt, and their 
colleagues today. 

Therefore, on the surface it would appear that we are managing our 
colonic wounds with the same results as Dr. Fabian and Dr. Britt. But 
there are some considerable differerices in approach that I would like to 
emphasize, and these will lead into my questions. First, Dr. Burch’s data 
from our center clearly demonstrated that the rate of primary repair was 
dependent on the location of the colonic wouad. For example, a primary 
repair rate of 78.5% occurred in the right colon, 61.8% in the transverse 
colon, and only 32.2% in the left colon. No where in the author’s manu- 
script do I see any analysis of rates of repair versus location. Tim, was 
the rate of primary repair affected in any wav by location? I would truly 
be surprised if it was not. 

Second, the authors report an incidence of wound infections to be 
14% to 17% and an incidence of intra-abdominal abscesses to be 12% 
to 25% in the simple and anastomotic primary repair groups. These are 
in marked contrast to the 3% incicence of wound infections and 5.2% 
incidence of intra-abdominal abscesses in Dr.’ Burch’s simple primary 
repair group. Tim, why the differences? If you don’t believe that the 
choice of repair affects outcome, and that is tie absolute message of your 
statistics and your paper, then the implicaticn is that your patients with 
colonic injuries in Memphis are a loi sicker than those we see in Houston. 
I don’t believe this and would like to know if you ever compared other 
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risk factors such as delay in treatment and factors you did discuss, such 
as shock and contamination in the primary repair patients who did have 
a septic complication versus the primary repair patients who did not. 

Third and finally, primary colocolostomy was not routinely performed 
in our series but it was done in this series and resulted in the only leak 
in a complicated patient. J think that it would be very important for the 
authors to emphasize in the manuscript that these colocolostomies were 
performed without an intra-operative bowel prep. It concerns me that 
the authors have chosen to ignore the classical studies of Condon, of 
Judd and Washington, and others describing the value of colonic preps 
in elective surgery in which there hasn’t even been preoperative contam- 
ination. Tim, don’t you think it would be better to at least randomize 
your colocolostomy patients to a group with intraoperative bowel preps 
versus a group without them before recommending the broad usage of 
this technique? 

I enjoyed this paper tremendously. It exemplifies the innovative and 
thought-provoking work performed under Dr. Fabian’s direction in 
Memphis in recent years. I recommend that the membership and the 
guests read this paper carefully and decide if you are ready to try this 
approach. 


Dr. H. HARLAN STONE (Cleveland, Ohio): I thoroughly enjoyed this 
presentation. It reflects a major change in our management of colon 
wounds during the past two decades. Not only would this paper never 
have teen accepted for presentation as recently as ten years ago, but the 
authors may well have been hung, drawn, and quartered by those who 
espoused a narrow-minded approach. Blind dictum has at last been 
questioned. 

In the late 1970s when Dr. Fabian, one of the coauthors inthe present . 
report, and I ran a prospective, randomized trial to evaluate the safety 
and practicality of primary repair for colon wounds, we were somewhat 
fearful of the outcome and accordingly set strict criteria that had to be 
satisfied before a patient would be included in the study. Many considered 
us heretics. Yet now we realize that almost all of the contraindications 
we had used to exclude patients from the trial are no longer valid. What 
now appear to be the only absolute contraindications are: questionable 
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blood supply to the bowel, damage to the retained bowel segments, and ` 


already-established significant inflammatory change, presumedly due to 
infection, in the bowel edges to be approximated. 

Time elapsed since moment of injury and thus bacterial contamination 
‘seem to be the determinants here. Accordingly, I ask the authors, do 

_you set a time constraint and, if so, how long an interval between injury 
and repair will you accept? Does not observed inflammatory change play 
a role in this decision as well? 

Finally, in studies by several of my former residents done years ago, 
it became apparent that there was no innate difference between the large 
and small bowels with respect to ability to heal. The difference observed 
was based on specific bowel contents—bacteria. Therefore, do you also 
set a time interval or level of inflammatory response that would deter 
you from carrying out a primary repair on the small bowel? 


ROBERT ZEPPA (Miami, Florida): I would like to congratulate the 
authors on this excellent contribution. 

I have only one question. How were the abdominal wounds handled 
when you closed? You had a high wound-infection rate, and I wondered 
whether the contamination led you to leave the abdominal wounds open 
or whether you closed them all primarily? 


Dr. RICHARD J. MULLINS, M.D. (Louisville, Kentucky): I have one 
question for Dr. Fabian: If you had a right colon injury, did you tend 
to do a nght colectomy and then a small bowel-to-colon anastomosis 
rather than a colocolostomy? 


Dr. HIRAM C. POLK, JR., (Louisville, Kentucky): Dr. Fabian, in closing 
would you stress one other part of your presentation, that small group 
of patients in which you did a resection and anastomosis? It would be 
interesting to know in that complex group what the criteria were for 
colostomy and resection and anastomosis, one way or the other. 


Dr. TIMOTHY C, FABIAN (Closing discussion): I think this paper is 
merely a continuation of the theme for last night’s excellent speech by 
Mr. Meeker that was outlined by Dr. Polk as being “Think the Unthink- 

“able.” We went ahead and did that, and I see the discussants were ready 
for a penetrating-trauma talk, and 1 feel as if I was criticized fairly severely. 

Nonetheless, I would like to first address Dr. Feliciano’s comments 
relative to what has been reported over the last decade in the literature 
and focus somewhat on their recent report. 

(Slide) I think that this slide addresses both Dr. Stone’s and Dr. Fel- 
iclano’s comments. One, there has been an increasing evolution in the 
United States of primary repair. It also focuses on what the Baylor group 
reported to us at the 1985 meeting at the Breakers (Ann Surg 1986; 203: 
701-711). In fact, at that time they were primarily repairing 52% of 
colon wounds. 

It is interesting that they reported 30 resections with anastomoses. 
Nine of those were colocolostomies, and they, in fact, had a 1% fecal 
fistula rate with primary repairs. So I think that colocolostomy is appro- 
priate, and it has been proved safe:in the past, not only by the Baylor 
group, but Dr. Atkins and his colleagues demonstrated essentially the 
same thing in a Vanderbilt report in 1984 (J Trauma 1984; 24:491- 
499). In 64% they performed primary repairs, and of those primary re- 
pairs, roughly 15% had resection and anastomosis. 

Dr. Feliciano asked if the rate depending on the location of the injury 
is relative to both primary repairs and, more importantly, primary anas- 
tomoses. Fifty per cent of our primary anastomoses were either in the 
transverse or left colon with the remaining repairs being right colonic 
anastomoses. 

He also wonders about their 5% intraabdominal abscess rate versus 
our 12% rate. I think this is merely a reflection of a prospective study 
versus retrospective analysis and demonstrates that if you look closely 
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enough, then you will probably have a few more complications than you 
might have imagined. 

Relative to the other things that might cause intra-abdominal infections, 
I think that this is a major point in our paper that, in fact, you do see 
with colon injuries many complications, including intra-abdominal ab- 
scess. The important thing is that it does not have anything to do with 
the method of repair. There was one failure in the 93% of our patients 
who had either anastomoses or primary repair. 

What are those things then? With the multiple regression analysis that 
was done here, it demonstrated that significant transfusions, contami- 
nation, increasing colon-injury scores, and associated injuries are those 
that really are important for the complications and have nothing to do 
with the method of repair. 

This concept of liberal primary repair does violate some surgical 
thinking perhaps, but I think it is important to realize when you address 
it with prospective data analysis that some of our hallowed concepts just 
don’t hold up any longer. 

Also, David mentioned the value of colonic preparation in patients 
requiring resection. I don’t think that this is relative using historical data 
from elective surgery. They are two totally different populations. One is 
elderly and elective, and I think intraoperative bowel prep would follow 
one of Dr. Stone’s principles that he taught me several years ago—“USA,” 
which is “Unnecessary Screwing Around.” I think if you try to irrigate 
the colon with either saline or Betadine or anything else during operation, 
you would cause more spillage than you would if you clamp across the 
bowel, cut it out, take a lap pad, rub off the excess stool, and sew the 
thing back together. I think we are deluding ourselves if we think we will 
get a lot of value from extensive preparation. This is a relatively small 
percentage of our total population——-12 instances. Nonetheless, we had 
uniform success. 

Dr. Polk asked if we selected out those patients. No, we did not. Those 
who underwent primary repair were a consecutive series. When we started 
this study, for the first one half of the patients we did primary reparis in 
all patients, and it was noted that we had no failures, and we felt that at 
this point we could defend our approach of likewise performing anas- 
tomoses; we felt our early data demonstrated that it was safe. Therefore, 
we went ahead and did resection and anastomosis for destructive colon 
injuries in a consecutive fashion, regardless of contamination or location 
of injury. 

Dr. Zeppa mentioned wound closure and hit me right between the 
eyes. He is absolutely correct. Fifty-four per cent of our patients had 
primary closure of their skin. Clearly it is a mistake. We did it too fre- 
quently. Now we are closing the skin, if there is essentially no contam- 
ination other than some intraperitoneal flatus, but otherwise, if there is 
any contamination, skin closure results in a high rate of infection. 

Dr. Mullins has suggested that ileostomy may be better based on data 
from the past. Again, I think it is one of those things that surgeons talked 
about for many years that somehow right colons were safer. I think our 
data does not demonstrate it in analysis. I think if you look at any other 
data presented over the last 10 years that analyzed the question, they 
find the same thing. So I don’t think there is anything magic about night 
versus left colon. 

Dr. Stone, finally, to address the question of late presentation and 
established infection, 10% of our series presented later than six hours. 
What is established infection, of course, is difficult to precisely define, 
but I think it is clearly an important point. If somebody has massive 
fecal contamination or, for whatever reason, they don’t get to the op- 
erating room for a long time, the patient should probably undergo ex- 
teriorization. That is why we say “essentially” all patients are candidates 
for primary repair. There is a small group of patients who are either very 
old, have coagulopathy, or that sort of thing, who probably are not can- 
didates. 

I really do appreciate the opportunity to present this data today. It is 
simply a continuation of Dr. Stone’s data from 10 years ago, and I think 
it demonstrates that one man’s renegade is another man’s prophet, and 
Dr. Stone to me has been very prophetic. 
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To evaluate the effect of blood conservation in cardiac surgery, 
__use of blood products was analyzed in patients undergoing CABG 
` before and after implementation of blood conservation techniques. 
Age, sex, coronary anatomy, ejection fraction, cardiopulmonary 
bypass time, and the preoperative hematocrit, platelet count, 
and clotting studies were similar in both groups. Methods of 
blood conservation included autologous transfusion of blood 
withdrawn before bypass, autotransfusion of shed mediastinal 
blood, strict protocols for transfusion, and acceptance of nor- 
movolemic anemia. With blood conservation, 25.5% of patients 
received no transfusions and 54.9% received blood only. Signif- 
icant reductions (p < 0.001) were achieved in the transfusion of 
blood from 6.8 + 2.4 to 2.3 + 2.6 units per patient and of plasma 
from 2.5 + 2.2 to 0.6 + 2.0 units per patient. Reductions in the 
use of platelets and cryoprecipitate were substantial, although 
not significant. Total donor exposure was reduced significantly 
from 13.1 + 7.3 to 4.3 + 6.7 donors per patient. The postoperative 
hematocrit was significantly lower and remained so at discharge. 
However, 30 days later there was no difference. This reduction 


in transfusion requirements decreased costs and donor exposure. 
4 


gical procedures has increased blood use, severely 
stressing the nation’s blood supply and contrib- 
uting to the increase in health care costs. Moreover, the 


T HE DRAMATIC RISE IN the number of cardiac sur- 


safety of blood transfusion, particularly in regard to HIV | 


transmission, has been questioned by both the lay public 
and the medical community.'! Reduction in the use. of 
blood and blood products during cardiac surgery has be- 
come increasingly important, and many techniques have 
been introduced into clinical practice. Substantial reduc- 
tions in the use of blood in our institution (Fig. 1) appeared 
to result from the transfusion of autologous blood with- 
- drawn before the initiation of cardiopulmonary bypass 
for reinfusion after the reversal of heparin, and from the 
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autotransfusion of shed mediastinal blood in the post- 
operative period. To evaluate formally the effect of these 
techniques in combination with a specific protocol for the 
transfusion of blood and blood products, this prospective, 
historically controlled study was undertaken. 


Materials and Methods 
Patient Selection 


All patients. undergoing an initial coronary procedure 
during a 5-month period from November, 1987 through 
March, 1988 were admitted into the study. Similarly, all 
patients undergoing a first coronary operation during the 
same months in the previous year served as historical 
controls. The control group was defined as Group 1, the 
study group as Group 2. 


Operative Techniques 


All operations were performed under conditions of 
moderate hypothermia using crystalloid cardioplegic ar- 
rest. A bubble oxygenator (Shiley S-100A) was used in all 
cases. All operations were performed by cardiothoracic 
surgical residents in the ninth or tenth year of surgical 
training, under the direct supervision of an attending fac- 
ulty surgeon. ' 


~ 


Blood Conservation Techniques 


Autologous blood was withdrawn from all patients who 
met the following criteria: hematocrit, drawn on arrival 
in the operating room, of at least 38%; no signs or symp- 
toms of ongoing ischemia; and no evidence of hemody- 
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namic instability. This blood was withdrawn via phle- 
botomy into citrate-phosphate-dextrose bags, stored at 
room temperature, and reinfused after protamine was 
given at the conclusion of cardiopulmonary bypass. 

An asanguinous prime was used in all cases. An ultra- 
filtration device (Amicon 30) was used in the extracor- 
poreal circuit in all cases so that after heparinization all 
fluid from the operative field could be returned to the 
cardiotomy. At the end of cardiopulmonary bypass after 
decannulation, the contents of the venous line and the 
oxygenator were ultrafiltrated through a closed circuit into 
the cardiotomy reservoir. This partially hemoconcentrated 
blood was returned to the patient. The cardiotomy res- 
ervoir (Gish ATR 2900F) was adapted for use as a suction 
drainage apparatus to collect saed mediastinal blood. This 
blood was returned to the patient according to the protocol 
described by Cosgrove et al.’ 


Transfusion Protocols 


Hemodynamically stable patients who could be esti- 
mated to achieve a hematocrit of 25% after diuresis were 
not transfused. Others were transfused with packed red 
blood cells to the extent necessary to produce the desired 
hematocrit. When transfusion of blood. was not specifically 
indicated, nonblood volume expanders were used to op- 
timize hemodynamic perforraance. Normovolemic ane- 
mia was accepted in stable patients throughout the hospital 
course. Patients with cardiac or respiratory instability were 
transfused as necessary. All patients were given supple- 
mental iron as soon as they could take oral feedings. 

Fresh frozen plasma (FFP) was given only for a pro- 
longed prothrombin time, and cryoprecipitate was ad- 
ministered only for Gocumented hypofibrogenemia. Be- 
cause of the high incidence of precperative antiplatelet 
therapy, platelets were given io all patients with excessive 
bleeding. 

For each patient, the total donor exposure was calcu- 


lated as the total number of donors to which he or she | 


was exposed. For red blood cells and plasma, there was 
one unit of donor exposure per uhit tcansfused. The donor 
exposure of platelets that were pooled from multiple do- 
nors was 6 to 8 units per dose. Although cryoprecipitate 
was provided as single donor units, it was given as mul- 
tiunit doses, and the donor exposure was 10 to 20 per 
dose. 


Data Analysis 


Patient charts were reviewed to obtain data from the 
anesthesia record, transfusion records, and the cumulative 
laboratory data summaries. Other data sources included 
the Duke University computerized zardiac surgery data- 
base and a monthly summary of transfusion data from 
the blood bank. Data sets, presented as the mean + SD, 


BLOOD CONSERVATION IN CARDIAC SURGERY 


737 
November, 1986 - October, 1987 





T 
o 8 
p T ANL NA 
w% NY: , v 
D- 8 . : . . WY IS 
pi X $ Co < IN: - ee 
= SNF RS à - NE 
> 4 NA - ; i x 
y NS N ` S 
= \\ À y NY RS N N RSS 
© \\ NX AN J WY RSX 
® \ RS . \\ N \ RS x NIŠ ş 
= 2 \\ N N NSS N RS BG! Sod [SF A 
V ESS NN ENN : - À 4 Se X N 
N ANN X ; Ñ N PSs CTN X 
SS SES NY SSE Be EA RY 
Nov Fe June Aug Sept Oct 





œ 
“No 


BS 87 87 87 87 87 87 87 


Fic. 1. Monthly summary data illustrate the use of homologous blood 
in cardiac surgery over the 12-month period before the initiation of this 
study. The reduction in blood use beginning in August 1987 occurred 
with the introduction of blood conservation techniques. 


were compared using Student’s t-test for paired or un- 
paired data. 


Results 


During the study period, 52 consecutive patients were 
entered prospectively into the study (Group 2); 42 patients 
were identified as historical controls (Group 1). All pa- 
tients in Group | and 51 of 52 in Group 2 were men. 
The mean ages, 58.0 + 7.6 years in Group 1 and 59.2 
+ 9.1 years in Group 2, did not differ significantly. The 
distribution of patients by anatomic coronary disease was 
similar, with approximately 80% of each group having 
three-vessel disease. Left main disease was present in 3 of 
42 patients (7.1%) in Group 1 and 6 of 52 patients (11.5%) 
in Group 2. The mean ejection fraction did not differ 
between Group | (49.3 + 13.0%) and Group 2 (52.2 
+ 11.3%). In 12 of 42 patients in Group | and 21 of 52 
patients in Group 2, operation was undertaken urgently 
for unstable angina. Emergency operation for failed an- 
gioplasty or acute evolving myocardial infarction was 
performed in an additional four patients in Group 2. 

As shown in Table 1, there were no significant differ- 
ences in the preoperative hematocrit or platelet counts. 
The single patient in Group 2 with abnormal preoperative 
coagulation studies was known to have lupus anticoagu- 
lant factor and had a prolonged prothrombin time. Dif- 
ferences in preoperative anticoagulation and antiplatelet 
therapy are shown in Table 1; substantially more patients 
in Group 2 received these therapies. 

Operative data are shown in Table 2. There was no 
difference in the number of grafts performed, the ischemic 
time, or the cardiopulmonary bypass time. Approximately 
80% of operations in each group used a mammary graft. 
A variety of complications occurred in each group as 
shown in Table 2. One death in each group occurred in 
the operating room, leaving 41 patients in Group | and 
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TABLE 1, Preoperative Laboratory Values and Anticoagulation Status 


Group | Group 2 

Laboratory Values 

Hematocrit (%) 43+ 4 lt 4 

Platelet Count (X10°) 287 + 86 280 + 76 

Normal PT/PTT 42/42 51/52 
Anticoagulation/Antiplatelet 

Therapy 
Heparin 4/42 15/52 
Aspirin/Persantine 13/42 34/52 


51 patients in Group 2 whose perioperative blood use 
could be analyzed. No further deaths occurred in either 
group. 

In Group 2, 23 of 51 patients (45.1%) met criteria for 
withdrawal of blood for autologous transfusion. Every 
patient in Group 2 had all residual volume in the extra- 
corporeal circuit reinfused after partial hemoconcentra- 
tion. The average hematocrit of this blood was 22% with 
an average platelet count of 134,000. 

The mediastinal drainage in Group 2 was 719 + 452 
cc, significantly less (p < .01) than in Group 1, 950 + 330 
cc. No blood was reinfused in Group 1. In Group 2, 49 
of 51 patients (96.1%) underwent postoperative auto- 
transfusion of shed mediastinal blood; the autotransfusion 
system failed mechanically in two patients. The mean 
volume reinfused was 681 + 380 cc, 94.7% of the total 
volume drained. Thus the net loss due to shed mediastinal 
blood was only 38 cc in Group 2, compared to 950 cc in 
Group 1. i 

Within Group 2, comparison of patients with and 
without an internal mammary graft revealed a significant 
(p < 0.001) difference in mediastinal drainage. In those 
patients (n = 41) in whom an I.M.A. graft was used, the 
mean volume of drainage was 774 + 457; in those patients 
(n = 10) without a mammary graft, the volume of drainage 
was 493 + 247 cc. 

The incidence of patients receiving transfusions and 


TABLE 2. Operative Data, Complications, and Mortality 


Group | Group 2 

Operative Data 

# Grafts 3.b+ 08 30+ 1.2 

#IMA ` 33/42 (78.6%) 42/52 (80.8%) 

Clamp Time (min.) 40.5 + 16.9 39.1 + 14.1 

Bypass Time (min.) 111.0 + 34.1 94.9 + 43.8 
Complications 

CVA 1 ] 

Respiratory insufficiency 2 2 

Re-exploration for bleeding 1 2 

Mediastinitis 0 l 

Perforated duodenal ulcer 0 l 
Mortality 1/42 (2.4%) 1/52 (1.9%) 
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TABLE 3. Incidence of Transfusion and Total Transfusions Received 


Patients Receiving Blood Total Transfusions 


and Blood Products ` (units/patient) 
Group I Group I] Group I Group II 

Red blood cells 41/41 (100%) 38/51 (74.5%) 68224 2.3 + 2.6% 
Fresh frozen 

plasma 33/41 (80.5%) 8/51 (15.7%) 2522.2 0.6 +4 2.0* 
Platelets 16/41 39.0%} 5/51 (9.8%) 2.7 4 38 12 t36 
Cryoprecipitate 3/41 (7.3%) 1751 (2.0%) 102434 0442.8. 

” p< .001. 


the amount of each blood component transfused are 
shown in Table 3. In the blood conservation group, the 
number of units of packed red cells transfused decreased 
significantly from 6.8 + 2.4 to 2.3 + 2.6. Moreover, as 
shown in Figure 2, the distribution of transfusions was 
markedly different. In Group 1, every patient received 
homologous blood, 26 of 41 (63.4%) received 6 to 8 units, 
and 5 of 41 patients (12.2%) received at least 10 units. In 
Group 2, 13 of 51 patients (25.5%) received no blood at 
all, and 32 of 51 patients (62.7%) received two units or 
less. This statistically significant difference-in red cell 


_ transfusions was maintained when the timing of trans- 


fusion was considered (Fig.3). No patient in either group 
was transfused after leaving the intensive care unit. 

The effect of blood conservation on hematocrit is seen 
in Figure 4. Within each group there were parallel changes; 
compared to the preoperative value, the hematocrit was 
decreased at the time of admission to the SICU and at 
hospital discharge, but had returned to baseline 1 month 
later. Between groups there was no difference in the pre- 
operative values; however, the mean hematocrit in Group 
2 was significantly lower after operation until 1 month 
after discharge when there was no longer any difference. 


. Group 1 Group 2 
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Fic. 2. The distribution of blood transfusions (units per patient) dem- 
onstrates the effect of blood conservation techniques. Group 1: among 
the historical controls, no patient avoided transfusion, and 63.4% of the 
patients received 6 to 8 units of homologous blood. Group 2: using blood 
conservation techniques, 25.5% of patients received no transfusions and 
62.7% received two units or less. 
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Group 1 
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Mean Units/Patient 





Timing of Transfusion 


FIG. 3. In the blood conservation group (Group 2) a statistically significant 
decrease in blood use was achieved for transfusions given both in the 
operating room and in the surgical incensive care unit. 


Interestingly, as shown in Figure 5, the platelet count 
was significantly lower in Group 2 on admission to the 
SICU, but rebounded to exceed significantly the mean 
level in Group 1 at the time of hospital discharge. Platelet 
counts in both groups had reverted to baseline 1 month 
later. 


While the transfusions of FFP in Group 2 decreased . 


significantly (Table 3), reductions in the use of platelets 
and cryoprecipitate, although substantial, did not reach 
statistical significance. However, the incidence of trans- 
fusion of these products was markedly decreased. Thus, 
the number of patients in Group 2 receiving minimal 
transfusions (no transfusion oz red cells only) was 80.4%, 
as compared to 14.6% in Group 1 (Fig.6). The net effect 
was a Significant reduction (p < 0.001) in total donor 
exposure from 13.1 + 7.3 in Group 1 to 4.3 + 6.7 in 
Group 2 (Fig.7). | 

The number of valve cases was insufficient to allow 
comparable analysis. However, as shown in Table 4, sub- 
stantial reductions in the use of all blood components 
were achieved in patients undergoing valve or combined 
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Fic. 4. Comparison of mean data from each group obtained serially 
demonstrates the effect of blood conservation on hematocrit. (See text 
for explanation.) 
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Fic. 5. Comparison of mean platelet counts at the same intervals described 
in Figure 4, (See text for explanation.) 


valve/coronary procedures. Total donor exposure was re- 
duced from 23.4 donors per patient in the historical con- 
trols to 1.7 donors per patient with the use of blood con- 
servation techniques. There were no deaths in either of 
these groups. 


Discussion 


Unique among the surgical disciplines, cardiac surgery 
requires the reversal of total anticoagulation after exposure 
of the blood to the synthetic surfaces of the extracorporeal 
circuit. The result is a coagulopathy that varies in its se- 
verity and which, combined with the nature of the surgery 
itself, produces an obligatory perioperative blood loss 
greater than that deemed acceptable in other areas of sur- 
gery. Due to the number of cases performed annually and 
the volume of transfusion per case, cardiac surgery exposes 
a large number of patients to homologous blood with the 
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Fic. 6. Shown are the percentages of patients in each group receiving 


various combinations of transfusion. In addition to the 25.5% of patients 
in the blood conservation group (Group 2) who received no transfusions, 
an additional 54.9% received only red blood cells. Thus, 80.4% in Group 
2 were transfused minimal transfusion. In contrast, only 14.6% of Group 
I patients received red cells alone. 
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Fic. 7. The net effect of blood conservation is demonstrated by com- 
parison of the donor exposure for each group. Substantial reductions in 
the transfusion of all blood components resulted in a decrease in the 
total exposure/patient from 13.1 to 4.3 donors. 


attendant risks of transfusion reaction and infection. An- 
other effect due to cardiac surgery is the stress placed on 
the blood supply and the blood banking system at the 
national, local or regional, and even the institutional lev- 
els. Thus, the impetus to conserve blood derives from 
potential reductions in transfusion reactions, transmission 
of infections, health care costs, and demand for homol- 
ogous blood. 

The risk of transfusion reaction due predominately to 
ABO incompatibility is extremely rare and generally re- 
sults from human error in the blood bank or at the pa- 
tient’s bedside. The incidence.of nonhemolytic reactions 
is. now 1:100; hemolytic reactions occur at a rate of 1: 
6000; and fatal reactions occur at a rate of 1:100,000.' 
While bacterial infection secondary to transfusion is rare, 
the transmission of viral infection is a persistent problem. 
Although hepatitis is more common after transfusion, the 
most recent concern is due to the documented cases of 
HIV infection arising after transfusion.’ With current 
screening methods, estimates of the risk range from 1: 
40,000 to 1:1,000,000.! 

Regardless of the absolute risk, the relative risk for any 
patient is related to the total donor exposure. As with any 
potentially dangerous drug’ or therapeutic modality, the 
risks and benefits of any blood product must be evaluated 
by the surgeon for the specific patient before transfusion 

is initiated. | 


TABLE 4. Use of Blood and Blood Products in Valve Procedures 


Control Group Conservation Group 


(n = 7) (n = 9) 
Red blood cells 79429 1.71.3 
Fresh frozen plasma 4.3 + 3.4 0 
Platelets 8.3 + 8.4 0 
Cryoprecipitate 2.9 + 4.9 0 
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Blood conservation in cardiac surgery relies on two re- 
lated principles: hemeodilution and autologous transfusion. 
Hemodilution, at least during operation, became man- 
datory with the introduction of an extracorporeal circuit. 
primed with less than whole blood.* Using this concept, 
Cooley in 1962 reported a successful case in which no 
blood was used in a patient who refused transfusion for 
religious reasons;° and a series of such cases were reported. 
in 1967.° Verska et al.’ provided the first thorough sci- 
entific analysis of the effects of an asanguinous prime on. 
postoperative blood loss and coagulation. 

Any use of hemodilution requires the acceptance of 
normovolemic anemia at various times in the perioper- 
ative course. The primary opposition to hemodilution was 
the assumption that prevailed for decades, despite basic 
scientific evidence to the contrary, that an hematocrit of 
30% was essential for the safety of patients undergoing 
major surgery and general anesthesia. However, as pointed 
out by Tobias,® at normothermia oxygen extraction re- 
mains constant at an hematocrit reduced to 20%. Kessler 
and Messmer? demonstrated that oxygen delivery to spe- 
cific tissues and organ systems remained constant to the 
same level of hematocrit. More recently, Wilkerson et 
at.!° demonstrated that mechanisms of cardiac compen- 
sation were adequate to maintain hemodynamic function 
down to an hematocrit of 10%. In all cases, the decline 
in systemic resistance secondary to the decreased viscosity 
results in an increased cardiac output that maintains tissue 
perfusion. | 

Several methods of autologous transfusion may be used: 
(1) the patient may donate blood before operation; (2) 
blood may be withdrawn prior to cardiopulmonary by- 
pass; (3) blood may be salvaged from the operative field; 
(4) blood may be salvaged after operation from the me- 
diastinal drainage tubes. With all of these methods, rein- 
fusion returns to the circulation the patient’s own blood 
that would otherwise have been lost. The first two methods 
have the additional advantage of returning to the patient 
functionally normal platelets and clotting factors. Pre- 
operative donation before cardiac surgery is somewhat 
difficult with the decline in incidence of elective surgery; 
but each of the other techniques, alone or in combination, 
have become part of routine practice in many institutions. 

Autotransfusion of blood from the operative field may 
have been used in the early 19th century.!! However, it 
was with the development of technology to anticoagulate 
the blood as it was aspirated that this method became 
feasible on a widespread basis. In cardiac surgery, the fre- 
quency of cases makes the routine use of the technology 
cost-effective!” and there is a large volume of blood lost 
in a clean operative field. A major advance occurred in 
1978 with the description by Moran et al.!? of centrifu- 
gation of the residual contents of the extracorporeal circuit 
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after bypass in order to reinfuse the maximum volume 
of the patients own red cells with the least amount of 
fluid. 

Autotransfusion of shed mediastinal blood was de- 
scribed by Schaff'* and simplified by Cosgrove.” This 
technique has been demonstrated to be effective, safe from 
infection,'*!° and without deleterious effects on red cell 
survival!® or postoperative clotting function. 

The various methods of blood conservation are com- 
plementary, and with a systematic approach the benefits 
may be cumulative. In particular, Cosgrove and his col- 
leagues at the Cleveland Clinic have emphasized a com- 
bined approach! and have defined the factors determining 
the requirement for red cell t-ansfusion.!? 

Efforts toward blood conservation focus naturally on 
red cell transfusion. However, the other blood products 
are frequently used, increasing donor exposure without 
evidence of a beneficial effect. In particular, the use of 
plasma for volume expansion should be avoided. Simi- 
larly, the prophylactic use of hese components has been 
demonstrated to have no beneficial effect on postoperative 
bleeding. Without question, measured decrements in the 
quantities and function of beth platelets”°?! and coagu- 
lation factors? occur after cardiopulmonary bypass. 
Generally, these return to normal in a matter of hours 
and component therapy should be used only for a doc- 
umented coagulopathy in tne presence of significant 
bleeding. 

The present study emphasized that blood conservation 
could be accomplished without excessive technology; no 
device for the scavenging of nonheparinized blood from 
the operative field or the centrifugation of the oxygenator 


= contents existed in this hospital. The approach was simple; 


there was no change in the conduct of the operation. Cer- 
tainly, the combined approach was effective in reducing 
the use of homologous blood and other blood products 
as well as the total donor exposure for each patient. The 
techniques used were safe; in the blood conservation group 
there was no trend toward increased infectious compli- 
cations and, overall, postoperative bleeding decreased. Of 
the two patients in Group 2 who were reexplored for 
bleeding, one had abnormal preoperative coagulation due 
to lupus anticoagulant factor; and in the other patient, a 
tie slipped off a saphenous vein branch. 

_ The approach was inexpensive and cost-effective. The 
additional cost of the adaptor to convert the cardiotomy 
for suction drainage was more than offset by avoiding the 
purchase of a separate device to provide closed suction 
drainage. The net savings per case was $44.50. It was dif- 
ficult to assess cost in the Veterans Administration system. 
However, this study resulted in the adoption of these blood 
conservation techniques by ouz parent institution in which 
blood use previously resembled that of our historical con- 
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trols. Reduction in use of a similar’ magnitude would pro- 
duce a savings of $600 per case, representing, at the current 
case load, approximately $1 million annually. 

Ultimately, the results of this study are not entirely 
satisfactory; the goal must be to more than double the 
number of patients receiving no transfusion and to reduce 
the per-case use of homologous blood to less than one 
unit and the use of blood products to none. This may 
prove increasingly difficult as the patient population un- 
dergoing cardiac surgery ages.!? New advances such as the 
use of recombinant human erythropoietin to stimulate 
the patient’s production of red cells, the development of 
safe and effective synthetic oxygen-carrying solutions, and 
the use of stroma-free hemoglobin may be useful in this 
effort. 

In summary, this study demonstrated that blood con- 
servation in cardiac surgery could be achieved using a 
combined, multitechnique approach, that such an ap- 
proach was safe and effective, that normovolemic anemia 
was well tolerated, and that the hematocrit level rapidly 
returned to normal. Finally, we believe that the commit- 
ment to blood conservation is more important than any 
particular technique. 
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DISCUSSION 


Dr. A. ROBERT CORDELL (Winston-Salem, North Carolina): Dr. Wolfe 
and his group have very correctly emphasized the importance of blood 
salvage to us in most cardiovascular procedures. Experience in our center 
certainly corroborates theirs, our efforts in this area having been in use 
for about 9 years. 

Presently we complete most cardiac procedures having used zero to 
two units of packed cells, even with redo surgery. It is our distinct 
impression that these patients bleed less after bypass than those do pattents 
receiving more homologous transfusions. 

Technique must be meticulous and essentially no sponges are used. 
Suction is kept at a low level and all blood left in the pump is processed 
in the cell saver and the packed cells are infused into the patient. 

If too much crystalloid is used for maintenance of volume in the 
pump with resultant hematocrit drop below 18, there is a risk of dilutional 
coagulopathy, which forces us to use blood concentrates, which we try 
to avoid if possible. 

Difficulty in the use of this technique is encountered largely because 
of the presence of anemia in patients before operation, which is due not 
infrequently to blood withdrawal for numerous testing procedures, par- 
ticularly in patients weighing less than 50 kilograms. 

Sometimes dilutional coagulopathy can be treated successfully with 
diuresis alone, avoiding blood products if possible. 

Perhaps it should be emphasized that these salvage techniques are 
applicable to many other operative procedures, particularly those in the 
vascular and orthopedic areas. 

Even though cost saving is not as great as we once thought, such 
technique certainly represents better patient care. 

I would like to ask Dr. Wolfe ifhe has noted any change in postoperative 
bleeding patterns in patients using these techniques, what is his incidence 
of dilutional coagulopathy, and how does he treat the condition once it 
becomes evident. 


Dr. ROBERT ZEPPA (Miami, Florida): Dr. Polk, Dr. Jones: I enjoyed 
this paper very much, and I would like to ask Dr. Wolfe since he has 
had the benefit of time with the historical controls as to whether or not 
he has information concerning the incidence of hepatitis between the 
two groups. i 
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This would seem to me to be quite an important bit of information 
to have. 


Dr. GEORGE S. TYSON (Closing discussion): We agree with Dr. Cordell 
that the postoperative bleeding is less when techniques of blood conser- 
vation are used, and in fact, in our study it was significantly reduced. 

We use the ultrafiltration device in each of the extracorporeal circuits, 
which provides some protection against too much dilution with crystalloid 
during the case and essentially as soon as the patient is no longer on 
bypass, and we agree that diuresis is important. We are then using the 
patient’s own kidney for ultrafiltration. 

The cost savings is an interesting concept. There are data to show that 
if there are two or more units of red blood cells that can be saved per 
case, then the cell saver is cost-effective. 

Interestingly, we use the cardiotomy reservoir as a reservoir for suction 
drainage, and of course, this necessitated an additional cost for the adapter 
to allow the cardiotomy reservoir to be used for suction, but that was 


_ more than balanced by the savings of a pleurvac or other type of close 


suction drainage aparatus. In fact, the net savings on those two items 
alone was $44.50 per case, not a tremendous amount of money in the 
overall scope of a cardiac operation, but again, with the high volume of 
operations done in the institution as well as across the country, there 
can be a considerable savings. 

Many of our patients, Dr. Cordell, had a postoperative coagulopathy 
that varied from mild to severe. 

I think the most important thing is that we do not consider the lab- 
oratory values alone. Patients were treated with blood component therapy 
only in the presence of significant bleeding and they were not treated at 
all for a demonstrable coagulopathy on laboratory studies alone. 

Regarding hepatitis, Dr. Zeppa, we did not have any cases in either 
of these groups thus far. I think if we follow these patients long enough 
and if we continue to look closely at the groups, we hope that we will 
be able to demonstrate a reduced incidence. 

I think that in institutions in which the volume is larger it would be 
much easier to demonstrate that over a short period of time. And finally, 
for those of you associated with hospitals in the Veterans Administration 
system, I would just point out the ideal situation that we had—the ability 
to conduct clinical investigations, which points up Dr. Halsted’s dictum 
that our operating rooms should be laboratories of the highest order. 
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DIAGNOSIS: CECAL CARCINOMA 

SYMPTOMS: ANEMIA (Hg 6 gm/dl) 

OPERATION: RIGHT HEMICOLECTOMY & GASTROSTOMY 





The patient had a right hemicolectomy with stapled (U.S. 
Surgical Corp) anastomosis and fascia closure and a MOSS® 
gastrostomy tube. The stomach and proximal duodenum were 
aspirated, with immediate simultaneous feeding into the distal 
duodenum. 


Barium feeding 5 hours postop documented adequate 
motility. The deliberate excess was totally removed. No 
contrast (i.e.: excess feeding) escaped efficient aspiration 
within the proximal duodenum, to reflux into the stomach. 
(Figure A) Serial motility study showed barium had traversed 
the anastomosis and colon, and already was exiting in a 
spontaneous bowel movement by 21 hours postop. (Figure C) 


She received 300 ml/hr of Vivonex TEN (Norwich Eaton 
Pharm), absorbed 5,000 kcal the initial 20 hours, and then 
tolerated a general diet. She was the 4th patient discharged 
uneventfully 24 hours after bowel resection and reanastomosis. 


B. Motility @ 4 hours (9 hours postop). 
All barium is within the ileum. 


A. Study @ 5 minutes (5 hours postop). 
Note efficient removal of all excess barium, 
with none reaching the stomach. 





C. Motility @ 16 hours (21 hours postop). 
Barium is exiting in a spontaneous bowel 
movement. 
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Cefoxitin Sodium|MSD 


A unique antibiotic 


O Extensive clinical experience 


o Comprehensive Bacteroides 
fragilis group coverage* 

O Consistent activity** 
(virtually unchanged over time) 
against Bacteroides fragilis 


o No MTT side chain 


MEFOXIN is indicated for the treatment of intraabdominal, 
gynecological, lower respiratory tract, and skin and skin- 
structure infections due to designated susceptible 
organisms including members of the Bacteroides fragilis 
group. (See Brief Summary for complete listing of 
indications.) 


MEFOXIN is contraindicated in patients who have shown 
hypersensitivity to cefoxitin and the cephalosporin group of 
antibiotics. Before therapy with MEFOXIN is instituted, 
careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to 
cefoxitin, cephalosporins, penicillins, or other drugs. This 
product should be given with caution to penicillin-sensitive 
patients. 

Pseudomembranous colitis, from mild to life-threatening in 
severity, has been reported with virtually all antibiotics 
(including cephalosporins); therefore, it is important to 
consider its diagnosis when diarrhea develops in 
association with antibiotic use. 


the facts favor 


Mefoxin’ % 


(Cefoxitin Sodium | MSD) 


*Percent susceptible at 16 mcg/mL: B. fragilis (91%), B. thetaiotaomicron (84%), 
B. distasonis (78%), B. vulgatus (88%), and B. ovatus (79%)—based on Antibiotic 
Susceptibility Reports, National Summary, in The Bacteriologic Report: Volume | 
1987 Totowa, NJ, BAC-DATA® Medical Information Systems, Inc., 1987. 


**In vitro activity does not necessarily imply in vivo effectiveness. 








For a Brief Summary of Prescribing Information, 
please see following page. 
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Indications and Usage: /reatment—Serious infections caused by susceptible strains 
of the designated microorganisms in the following diseases: 

LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess, 
caused by Streptococcus pneumoniae, other streptococci (excluding enterococci, e.g., 
Strep. faecalis), Staphylococcus aureus (penicillinase and non-penicillinase producing), 
Escherichia coli, Klebsiella species, Hemophilus influenzae, and Bacteroides species. 
GENITOURINARY INFECTIONS. Urinary tract infections caused by E. coli, Klebsiella 
species, Proteus mirabilis, indole-positive Proteus (which include the organisms now 
called Morganella morganii and Proteus vulgaris), and Providencia species (including 
Providencia rettgerl). Uncomplicated gonorrhea due to Neisseria gonorrhoeae 
(penicillinase and non-penicillinase producing). 

INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, 
caused by E. coli, Klebsiella species, Bacteroides species including the B. fragilis 

roup,* and Clostridium species. 

YNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic 
inflammatory disease, caused by E. coli, N. gonorrhoeae (penicillinase and non- 
penicillinase producing), Bacteroides species including the B. fragilis group, * 
Clostridium species, Peptococcus species, Peptostreptococcus species, and group B 
streptococci. 

SEPTICEMIA caused by Strep. pneumoniae, Staph. aureus (penicillinase and non- 
penicillinase producing), E. coli, Klebsiella species, and Bacteroides species including 
the B. fragilis group.* 

BONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non- 
penicillinase producing). 

SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and 
non-penicillinase producing), Staph. epidermidis, streptococci (excluding enterococci, 
e.g., Strep. faecalis), E. coli, P mirabilis, Klebsiella species, Bacteroides species including 
the B. fragilis group,* Clostridium species, Peptococcus species, and Pepto- 
streptococcus species. 

Although appropriate culture and susceptibility studies should be performed, therapy may 
be started while awaiting these results. Cefoxitin is not active in vitro against most strains 
of Pseudomonas aeruginosa and enterococci (e.g., Strep. faecalis) and many strains of 
ea cloacae. Methicillin-resistant staphylococci are almost uniformly resistant to 
cefoxitin. 

Prevention—Prophylactic use in surgical procedures (e.g., hysterectomy, gastrointestinal 
surgery, cesarean section, transurethral prostatectomy) classified as contaminated or 
potentially contaminated or in patients in whom subsequent infection at the operative site 
would present a serious risk, e.g., prosthetic arthroplasty. 

MEFOXIN® (Cefoxitin Sodium, MSD) usually should be given 2 to 1 hour before surgery 
and should usually be stopped within 24 hours since continuing administration of any 
antibiotic increases the possibility of adverse reactions but, in the majority of surgical 
procedures, does not reduce the incidence of subsequent infection. However, in patients 
undergoing prosthetic arthroplasty, it is recommended that MEFOXIN be continued for 72 
hours after the surgical procedure. If there are signs of infection, specimens for culture 
should be obtained for identification of the causative organism so appropriate treatment 
may be instituted. 

sont aa Previous hypersensitivity to cefoxitin and the cephalosporin group 
of antibiotics. 

Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE 
TO DETERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, 
CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. GIVE WITH CAUTION TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH 
CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, 
PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO CEFOXITIN OCCURS, 
DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE 
EPINEPHRINE AND OTHER EMERGENCY MEASURES 

Pseudomembranous colitis, from mild to life-threatening in severity, has 
been reported with virtually all antibiotics (including cephalosporins); 
therefore, it is important to consider its diagnosis when diarrhea develops in 
association with antibiotic use. Broad-spectrum antibiotics alter normal fiora of 
colon and may permit overgrowth of clostridia; a toxin produced by C/ostridium difficile is 
a primary cause of antibiotic-associated colitis. Mild cases may respond to drug 





discontinuance alone; in more severe cases, Management may include sigmoidoscopy, 
appropriate bacteriological studies, fluid, electrolyte and protein supplementation, and us 
of a drug such as oral vancomycin; isolation of the patient may be advisable. Other cause 
of colitis should also be considered. 
Precautions: Genera/—lotal daily dose should be reduced in patients with reduced 
urinary output due to renal insufficiency because high and prolonged serum antibiotic 
concentrations can occur from usual doses. Prescribe with caution in patients with a 
history of gastrointestinal disease, particularly colitis. Prolonged use may result in 
overgrowth of nonsusceptible organisms; repeated evaluation of the patient's condition is 
essential. If superinfection occurs, take appropriate measures. 
Drug Interactions—\ncreased nephrotoxicity has been reported following concomitant 
administration of cephalosporins and aminoglycoside antibiotics. 
Drug/Laboratory Test Interactions—High concentrations (> 100 mcg/mL) may interfere 
with measurement of serum and urine creatinine levels by the Jaffé reaction and produce 
false increases of modest degree in creatinine levels reported; serum samples should not 
be analyzed for creatinine if withdrawn within 2 hours of cefoxitin administration. High 
concentrations may interfere with measurement of urinary 17-hydroxy-corticosteroids by 
the Porter-Silber reaction and produce false increases of modest degree in levels reporter 
A false-positive reaction for glucose in urine has been observed with CLINITEST** 
reagent tablets. 
Carcinogenesis, Mutagenesis, Fertility Impairment—No long-term animal study has beer 
performed on carcinogenic or mutagenic potential. Rat studies at approximately three timi 
maximum recommended human dosage revealed no effects on fertility or mating ability. 
Pregnancy Category B—Reproduction studies in rats and mice did not reveal teratogenic 
or fetal toxic effects, although fetal weights were slightly decreased. In rabbits, cefoxitin 
was associated with a high incidence of abortion and maternal death, neither considered 
teratogenic. There are, however, no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 
Nursing Mothers—Excreted in human milk: Exercise caution. 
Pediatric Use—Safety and efficacy in infants from birth to three months have not yet beer 
established. In children three months and older, higher doses have been associated with 
increased incidence of eosinophilia and elevated SGOT. 
Adverse Reactions: The most common adverse reactions have been local reactions 
following intravenous or intramuscular injection. Other adverse reactions have been 
encountered infrequently. Local Reactions—Thrombophlebitis with intravenous 
administration; pain, induration, and tenderness after intramuscular injections. A//ergic 
Reactions—Rash (including exfoliative dermatitis), pruritus, eosinophilia, fever, and othe! 
allergic reactions including anaphylaxis. Card/ovascular—Hypotension. 
Gastrointestinal—Diarrhea, including documented pseudomembranous colitis during or 
after treatment, and, rarely, nausea and vomiting. B/ood—tosinophilia, leukopenia 
including granulocytopenia, neutropenia, anemia, including hemolytic anemia, 
thrombocytopenia, and bone marrow depression. A positive direct Coombs test may 
develop in some individuals, especially those with azotemia. Liver Function—Transient 
elevations in SGOT, SGPT, serum LDH, and serum alkaline phosphatase; jaundice. Renal 
Function—Elevations in serum creatinine and/or blood urea nitrogen levels and, rarely, 
acute renal failure. 
Note: In group A beta-hemolytic streptococcal infections, therapy should be maintained 
for at least 10 days to quard against the risk of rheumatic fever or glomerulonephritis. In 
Staphylococcal and other infections involving a collection of pus, surgical drainage shoul 
be carried out where indicated. Intramuscular injections should be well within the body of 
a relatively large muscle such as the upper outer quadrant of the buttock (i.e., gluteus 
maximus): aspiration is necessary to avoid inadvertent injection into a blood vessel. The 
total daily dosage in infants and children should not exceed 12 grams. 
How Supplied: Sterile cefoxitin sodium in vials, infusion bottles, and ADD-Vantage® + 
vials containing 1 gram or 2 grams cefoxitin equivalent and in 10-gram bulk bottles. 

*B fragilis, B distasonis. B ovatus. B thetaiotaomicron, B. vuigatus 
**Registered trademark of Ames Company, Division of Miles Laboratories. Inc 

* Registered trademark of Abbott Laboratories, Inc M S D 
For more detailed information, consult your MSD Representative or see MER 
Prescribing Information. Merck Sharp & Dohme, Division of Merck & Co., SHARP 
Inc., West Point. PA 19486 J7MF56R3(126) D 
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Extracorporeal Shock-Wave Lithotripsy 


of Bile Duct Calculi 


An Interim Report of the Dornier U.S. Bile Duct Lithotripsy Prospective Study 





Principle Investigators: KIRBY |. BLAND, M.D.,* R. SCOTT JONES, M.D.,t JAMES W. MAHER, M.D.,+ 

PETER B. COTTON, M.D.,! TIMOTHY C. PENNELL, M.D.,1 J. RICHARD AMERSON, M.D.,# 

J. LAWRENCE MUNSON, M:D.,** GEORGE BERCI, M.D.,tt{GERHARD J. FUCHS, M.D.,t+ LAWRENCE W. WAY, M.D.,!!! 
JOHN B. GRAHAM, M.D.,11 BERNARD U. LINDENAU,## FRANK G. MOODY, M.D.*** Coinvestigators: 

ROBERT C. NEWMAN, M.D., BIRDWELL FINLAYSON, M.D., PH.D., EDWARD M. COPELAND II, M.D., 

NIKOLAUS GRAVENSTEIN, M.D., IRVIN F. HAWKINS, JR., M.D., MICHAEL P. HOCKING, M.D., ISAAC KALVARIA, M.D., 
CHARLES E. KING, JR., M.D., PABLO R. ROS, M.D., STEPHEN B. VOGEL, M.D.,* JAY Y. GILLENWATER, M.D., 
RICHARD W. MCCALLUM, M.D., CHARLES J. TEGTMEYER, M.D.,t FRED JOHLIN, M.D., STEFEN LOENING, M.D., 
ROBERT SUMMERS, M.D.,+ JOHN WEINERTH, M.D.,! DAVID L. MCCULLOUGH, M.D., DAVID GELFAND, M.D., 

JOHN GILLIAM, M.D., RICHARD T. MYERS, M.D.,1 DOUGLAS WOLF, M.D., SAM AMBROSE, M.D., # 

RICARDO ROSSI, M.D.,** JOEL PANISH, M.D.,tt AARON FINK, M.D., RONALD TOMPKINS, M.D. tt 

ROY GORDON, M.D., ERNEST RING, M.D., HOWARD SHAPIRO, M.D., 


A multi-institutional study to evaluate the efficacy, clinical ap- 
plication, and safety of extracorporeal shock-wave lithotripsy 
(ESWL) with the Dornier HM-3 or HM-4 lithotripter for bile 
duct calculi (BDC) was initiated in September, 1987. Symptom- 
atic patients who entered into this prospective trial had BDC in 
the common bile duct and/or the intrahepatic, cystic or lobar 
ducts of the liver that were inaccessible or untreatable by pap- 
illotomy or percutaneous stone extraction. The study excluded 
gallbladder stones. Nasobiliary (54.4%) or transhepatic catheters 
(10.5%) and T-tube or cholecystostomy tubes (17.5%) or com- 
binations (14.0%) permitted access for radiographic contrast to 
allow fluoroscopic monitoring of stone position and fragmenta- 
tion. Exclusion criteria included pregnancy, failure to localize 
the stone, disturbances of coagulation, pacemakers, or vascular 


` aneurysms or large bones that lie in the focal axis of the shock 
waves. Eleven institutions treated 42 patients (23 male, 19 fe- . 


male) with BDC; age range was 25 to 95 years (mean + SD, 
73.5 + 13.8) and ASA risk category was 1 to 4 (mean, 2.3 + 0.8). 
Fourteen patients (33.3%) had a single BDC; 28 had 2 to 8 stones 
(mean, 2.7 + 1.8) ranging in size from 6 mm to 30 mm (mean, 
18.5 + 6.4). The majority (66.7%) of patients were postchole- 
cystectomy. The 42 patients received 57 ESWL treatments con- 
sisting of 600 to 2400 shocks per treatment (mean, 1924 + 289) 
at 12 to 22 kV (mean, 18.5 + 1.9) administered over 20 to 125 
minutes (mean, 52.9 + 20.8). General anesthesia was used in 
32% of the treatments; the majority were treated with epidural 
or regional block (42.1%), local infiltration (28.1%), or intra- 
venous sedation (38.6%). Fifteen patients (35.7%) required two 
ESWL treatments. Stone fragmentation occurred in 94.6% of 
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evaluable patients and in 90.4% of ESWL treatments, respec- 
tively; however, BDC fragments remained in 59.5% of patients 
24 hours after treatment (diameter < 3 mm, 12%; 4 to 9 mm, 
16%; = 10 mm, 68%). Some patients (50%) required adjunctive 
procedures to achieve stone removal that included endoscopic 
extraction (n = 10; 47.6%), biliary lavage (n = 8; 38.1%), en- 


‘doscopic bile duct prosthesis (n = 1; 4.8%), and operation (n 


= 2; 9.5%). ESWL treatment complications during hospitaliza- 
tion were observed in 15 patients (35.7%) and were present in 
four (9.5%) at discharge. Complications included macrohematuria 
(5%), biliary pain (15%), biliary sepsis (5%), hemobilia (10%), 
ileus (2.5%), and adverse pulmonary changes (7.5%). One patient 
developed pancreatitis before ESWL at ERCP that resolved prior 
to discharge. At discharge, 73.8% of patients were stone free. 
This interim report suggests that ESWL successfully fragmented 
BDC and, with the adjunctive techniques used in one half of the 
patient population, resulted in the elimination of stones from 
three fourths of treated patients at the time of hospital discharge. 
ESWL permitted successful elimination of BDC with moderate 
rates of morbidity and no deaths for these high-risk patients who 
were otherwise untreatable by conventional techniques. 
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XTRACORPOREAL SHOCK-WAVE lithotripsy (from 
E the Greek lithos, which means stone, and tripsy, 
which means to crush) (ESWL™, Dornier Medi- 
zintechnik GmbH, Munich, West Germany) has been 
used to treat urinary tract stones in more than 200,000 


patients throughout the world.'? With the development 


of systems for generation of shock waves and ultrasounds 
over the last 40 years, energy can be discharged through 
a probe in contact with a renal or biliary stone (intracor- 
poreal lithotripsy) or delivered to distant foci (extracor- 
poreal lithotripsy). Before treatment with the Dornier 
HM-3 lithotripter, the patient is placed in a semisitting 
- posture and lowered into a degassed water bath to provide 
a milieu with impedance similar to that of soft body tissues 
_ (Fig.l). The electrode that initiates the electrohydraulic 
energy is positioned beneath the patient in a semiellipsoid 
reflector at the first focus (F,). The second focus (F) 1s 
the point of maximum shock-wave impact and is the po- 
sition at which calculi are aligned. Pressures of 500 to 
2000 atm are generated at Fz. 

In vitro and in vivo studies by Brendel et al.** and New- 
man et al.*® confirmed that human gallstones implanted 
in the gallbladders of dogs could also be fractured when 
calculi are positioned at F; using the Dornier HM-3 ma- 
chine or modifications thereof. Sauerbruch and associates’ 
and Sackmann et al.? have treated humans with choleli- 
thiasis and choledocholithiasis using a modified Dornier 
HM-3 lithotripter (GM-2) in which patients lie in the 


prone position, thus allowing precise focusing of energy ~ 


vectors at F». These studies confirmed a high frequency 
of stone fragmentation and the ability to clear the gall- 
bladder or choledochus of calculi with minimal incidences 
of morbidity and no deaths. 

The purpose of this prospective study was to determine 
the efficacy and clinical usefulness of ESWL in the treat- 
ment of bile duct stones using the Dornier HM-3 and 
HM.-4 lithotripters. The authors were particularly inter- 
ested in the ability of the lithotripter to induce bile duct 
calculi fragmentation, clearance of stones from the biliary 
tree, and in the assessment of rates of morbidity and mor- 
tality sustained in this population that was otherwise un- 
treatable by nonsurgical measures. 


Materials and Methods 


A multi-institutional trial was organized by Dornier 
Medizintechnik GmbH, Munich, West Germany, to con- 
duct a historically controlled prospective trial to determine 
the clinical usefulness and efficacy of ESWL for bile duct 
calculi (BDC) with the Dornier HM-3 and HM-4 litho- 
tripters. The study included BDC of the entire biliary tree 
and the intrahepatic ducts, excluding the cystic duct. Pa- 
tients with residual stones in the cystic stump were con- 
sidered eligible. Patients with gallbladder stones alone were 
excluded from treatment; those with gallstones and BDC 
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were considered to be candidates for treatment of only 


‘the BDC. Following FDA application, 11 institutions were 


designated investigational device exemption (IDE) sites. 
Thereafter, the investigators submitted applications to 
their respective institutional review boards (IRB) for the 
clinical protocol; following review and approval by the 
IRB and the study monitor (FGM), the study was initiated. 
Each patient was to serve as their own control. The multi- 
institutional trial was performed simultaneously at all IDE 
sites fallowing patient entry into the study with acquisition 
of informed consent. Criterion for successful treatment 
was a stone-free bile duct at discharge or within 30 days 
for patients entering the study with indwelling biliary 
tubes. The procedure was considered unsuccessful when 
it was not possible to fragment or extract stones following 
two ESWL treatments. Determinations of adverse events 
(complications) and success of fragmentation of bile duct 
calculi were made before the patient was discharged. A 
stone-free discharged patient was the goal of the study. 
The study was initiated in September, 1987, following a 
meeting with the monitor and investigators after FDA 
approval of study design and IRB approval. Data collec- 
tion and statistical analyses were completed by Biometric 
Research Institute, Inc., Arlington, Virginia, and mana- 
gerial regulatory affairs were monitored by Dornier Med- 
izintechnik, GmbH. 


Study Design and Methodology 


ESV/L was reserved for stones that could not be cleared 
from che biliary tree using conventional, nonsurgical 
measures (transendoscopic, transpapillary or per T-tube 
techniques following sphincterotomy). Endoscopic pap- 
illotomy was used as indicated for access to the biliary 
tree for the removal of residual, reformed, or retained 
stones. In addition to failures of clearing the biliary tree 
following endoscopic sphinterotomy, patients with T- 
tubes within the common bile duct who had unsuccessful 
attempts at extraction of retained stones via the T-tube 
tract were considered candidates. Intrabiliary catheters 
were to remain in the bile duct during ESWL and for 
appropriate intervals thereafter. These catheters served as 
conduits for injection of contrast media into the biliary 
tree to radiographically visualize the radiolucent stones 
before ESWL to monitor stone position during ESWL, 
and to evaluate efficacy of stone fragmentation and pas- 
sage during and after ESWL. The criteria for inclusion 
and exclusion are shown in Table 1. 


Patient Demographics 


Patients who did not meet the selection criteria were 
considered ineligible. At the time of this report, 42 patients 
were entered into the trial; 19 (45.2%) were women and 
23 (54.8%) were men. Age range was 25 to 95 years (mean 
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+ SD, 73.5 $ 13:5). Patient weight (mean + SD) was 
145.8 + 32.4 lbs (range, 83 Ibs to 254 Ibs); patient height 
(mean + SD) was 66.1 + 4.8 :nches (range 55 inches to 
81 inches). Patients who were considered eligible had to 
obtain a status classification before ESWL of the American 
Society of Anesthesiologists (ASA) I to IV.? Nine patients 
(21.4%) were Class I, 14 (33.3%) were Class II, 18 (42.9%) 
were Class III, and 1 patient (2.4%) was Class IV. ASA 
Class V patients were ineligible. The ASA status classifi- 
cation for these 42 patients wes mean + SD, 2.3 + 0.8. 

Two thirds of the patients had undergone previous 
cholecystectomy. Twenty-seven patients (64.3%) had ac- 
tive biliary colic by medical history. Significant concurrent 
medical illness was evident in most patients and included 
cardiac arrhythmias in 11 patients (26.2%), hypertension 
in 13 (31.0%), other cardiovascular diseases in 13 (31.0%), 
pancreatitis in 6 (14.3%), hepatic disease and/or icterus 
in 18 (42.9%), pulmonary disease in 9 (21.4%), gastroin- 
testinal disorders in 10 (23.8%), renal disease in 5 (11.9%) 
and other metabolic disorders in 17 patients (40.5%). Of 
this high-risk patient group, 14 patients (33.3%) had an 
abnormal electrocardisgram and 16 (39%) had an ab- 
normal chest radiogram. 

Table 2 depicts the distribution of the number and size 
of stones by location before first treatment. Patients had 
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TABLE 1, Selection of Patients 


Inclusion Criteria 

Patient’s informed consent. 

Bile duct stones that are not extractable endoscopically or 
percutaneously based on the experience of the individual 
investigator are treated. The presumed risk of ESWL must be 
below that of surgery. 

Successful test-positioning of the patient and localization of the 
stone. 

Preoperative anesthesia risk assignment (ASA) group [-IV. 

The focal axis of the shockwave must avoid lung, bodies of 
vertebra, aneurysms of aorta or renal artery and large bone areas 
with the exception of ribs. 

Absence of disturbance of coagulation. 


Exclusion Criteria 

Informed consent not obtained. 

All inclusion criteria not fulfilled. 

Pregnancy; all premenopausal female patients have laboratory tests 
to exclude pregnancy. 

Failure to localize stone. 

Disturbance of coagulation. 

Presence of pacemaker and arrythmia. 

Vascular aneurysms or large bone areas in the path of the 
shockwaves, 

Upper abdominal surgery within 6 weeks prior to ESWL. 


a range of one to eight stones (mean + SD, 2.7 + 1.9). 
The common duct represented the most common site for 
stones, which were seen in 33 patients (78.6%); 10 patients 


TABLE 2. Distribution of Number and Size of Stones by Location Prior to First Treatment 


Retained 
Cystic Duct 


Common 


Papillary Duct 


Stone Characteristics No. (%} No. (%) No. (%) 


Number of stones 
| 2 (50.0) 9 (27.3) I (100.0) - 
2 2 (50.0) 12 (36.4) 0 
3 0 T (21.2) 0 
4 or more 0 5 (15.2) 0 
Total no. of pts. with 
stones in these 
locations 4 (100.0) 33 (100.0) I (100.0) 
Location as percentage 
of total pts. 
treated 4 (9.5) 33 (78.6) 1 (2.4) 
Diameter of largest 
stone (mm) 
1-10 0 6 (18.2) 0 
11-20 4 (100.9) 17 (51.5) 1 (100.0) 
21-30 0 9 (27.3) 0 
31 or more 07 0 0 
Not reported 0 l (3.0) 0 
Total no. pts. with 
stones in these 
locations 4 (100.9) 33 (100.0) 1 (100.0) 
Mean 18.2 ` 18.4 15 
Range 13-20 8-30 15-15 
Standard deviation 3.5 6.2 


Location 
Common Intra- Total 
Hepatic Duct Right Lobar Left Lobar hepatic Patients 


NN Ne RRR reine 


No. (œ) No. (%) No. (%) No. (%) No. (%) 


6 (60.0) 3 (100.0) 2 (50.0) 0 14 (33.3) 

3 (30.0) 0 Z (50.0) 0 11 (26.2) 

l (10.0) 0 0 0) 5 (11.9) 

0 0 0 0 12 - (28.6) 

10 (100.0) 3 (100.0) 4 (100.0) 0 42 (100.0) 
Mean + SD 
2.7+1.9 

10 (23.8) 3 (7.1) 4 (9.5) 0 Range 1-8 
Diameter of 
Largest Stone 
Per Patient 

5 (50.0) 3 (100.0) 2 (50.0) 0 7 (16.7) 

l (10.0) 0 I (25.0) 0 22 (52.4) 

4 (40.0) 0 I (25.0) 0 12 (28.6) 

0 0 0 0 0 

0 0 0 0 l (2.4) 

10 (100.0) 3 (100.0) 4 (100.0) Q 42 (100.0) 

16.3 8.3 14.5 18.5 

5-30 6-10 4-30 6-30 

9.4 2.1 


12.0 6.4 
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Fic. 1. A cross-sectional view of the Dornier HM-3 lithotripter bathtub 
with positioning of the biliary tract to focus at F, for treatment. Most 
patients are positioned such that shock-waves enter the abdomen pos- 
teriorly with the stones monitored in real-time by radiographic contrast 
media. Under appropriate anesthesia or analgesia, shock-wave discharges, 
triggered by an electrocardiogram, can be delivered to bile duct calculi 
with the shock-wave focused at Fz. 






(23.8%) had stones in the next most frequent site, the 
common hepatic duct; 7 patients (16.6%) had stones in 
lobar ducts; 4 patients (9.5%) had papillary stones; and 1 
patient (2.4%) had a retained cystic duct stone. No intra- 
hepatic stones have been accessioned into the study. The 
majority of patients (n= 22, 52.4%) had stone diameters 
of 11 mm to 20 mm, whereas 12 patients (28.6%) had 
BDC diameters of 21 mm to 30 mm. The remainder had 


pre-ESWL stone size < 10 mm. Stone size ranged from’ 


6 mm to 30 mm (mean + SD, 18.5 + 6.4). In pre-ESWL 
evaluation, intrabiliary catheter cholangiography or so- 
nography indicated that gallbladder stones were present 
in 13 patients (31%). Impacted stones and/or stenosis of 
the bile ducts were evident in six (14.3%) and five (11.9%) 
subjects, respectively. 


Procedures Performed Prior to ES WL 


Prior to initiating ESWL, these 42 patients had a total 
of 96 invasive nonsurgical procedures (mean 2.3 per pa- 
tient). These include endoscopic transpapillary sphinc- 
terotomy in 32 patients (76.2%), nasobiliary catheter 
placement in 36 patients (85.7%), and direct lavage of 
biliary catheter or percutaneous transhepatic catheter 
placement in 7 patients each (16.7%). In addition, six pa- 
tients (14.3%) had intracorporeal lithotripsy using me- 
chanical or percutaneous devices. Techniques used in at- 
tempted BDC extraction before referral to the investigators 
included surgery with common duct exploration, lavage 
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of nasobiliary drains, balloon extractions, and endoscopic- , 
basket—balloon manipulations. For 42 patients, 1 or 2 
ESWL treatments were necessary to clear the biliary tree 
of BDC. A total of 57 ESWL treatments were conducted 
with radiographic guidance using contrast media directed 
via intrabiliary catheters placed transendoscopically at 
ERCP (54.4%), percutaneous transhepatic methods 
(10.5%), T-tubes (17.5%), or a combination of these in- 
terventional techniques (17.5%). 


` Antibiotic Coverage 


Prior to initiating ESWL, all patients received prophy- 
lactic broad-spectrum antibiotics that were continued until 
the biliary system was cleared of debris and/or the patient 
was nonseptic. Two thirds of the patients received 3 or 


- less days of antibiotics; 4 patients (9.5%) received 12 or 


more days of broad-spectrum coverage. Antibiotic choices 


. were cephalosporins in 21 patients (50%), aminoglycosides - 


in 16 patients (38.1%), or penicillin derivatives in 15 pa- 


~ tients (35.7%). 


| ESWL Techniques for Therapy 


Patients were treated with the Dornier HM-3 or HM- 
4 lithotripter as specified by FDA approval and as pre- 
viously described.”* High-energy shock waves (pressure 
amplitudes of approximately 1000 BAR and a pulse du- 
ration of near | microsecond) were generated extracor- 
poreally by a high-current discharge and were focused by 
a semiellipsoidal reflector. Using contrast media directed 
into the intrabiliary system, shock waves were radio- 


graphically focused to impact on the BDC. In the majority 


of ESWL treatments, patients were positioned such that 
the shock waves entered the patient’s abdomen posteriorly 
with the stones focused at F, (Fig.1). The positioning pro- 
cedure, as well as stone fragmentation, was monitored in 
real-time under fluoroscopic control. Under appropriate 
anesthesia or analgesia, up to 2400 shock-wave discharges, 
triggered by an electrocardiogram, were delivered to the 
BDC when the shock wave focused at F, during respiratory 
excursions of the diaphragm. 

Difficulty with positioning was experienced in 15 treat- 
ments (26.3%). Neither patient height nor weight appeared 
to correlate with difficulty of positioning at simulation or 
real-time treatment. Within 20 to 125 minutes (mean 
+ SD, 52.9 + 20.8 min.) 600 to 2400 shock discharges 
(mean + SD, 1924 + 289) were delivered at 12 kV to 22 
kV (mean + SD, 18.5 + 1.9). Shock discharge was ter- - 
minated when stone disintegration was evident following 
séquential injection of contrast media into the biliary tree 
or when a predetermined shock-wave limit had been at- 
tained. When stone fragments remained in the biliary duct 
four days after ESWL and were too large to be extracted 
endoscopically, a second treatment was administered. In- 
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frequently, patients were discharged and readmitted if they 
were asymptomatic with fractured stones or biliary debris. 
One third of the patients received 3000 or more total 
shock-wave discharges or a total energy equivalent (kV 
xX number of shocks) of 50,C00 or more. Total energy 
expended ranged from 22 X 19° — 97 X 10° (mean + SD, 
51.4 X 10° + 21.9 X 10°). This limit of shock discharge 
at the first and second treatments was chosen on the basis 
for the dose-dependent shock-wave induced damage in 
experimental animals as dezermined by Brendel and 
Enders? and Delius et al.!° Greatest total energy was ex- 
pended in the commen duct and common hepatic duct 
where the greatest stone burden was evident and in pa- 
tients who had the largest stone diameters (21 mm to 30 
mm) at pretreatment. 

Varying anesthetic techniques-were used in this multi- 
institutional study, depending on patient cooperation, 
medical status, and preference of the anesthesiologist. For 
more than one third of 57 treatments, patients preferred 
epidural anesthesia (22 treatments or 38.6%). Sedation 
was used in 22 treatments (38.6%) for those patients pre- 
ferring regional blocks (2 subjects, 2.5%) or local anes- 
thesia alone (16 subjects, 28.1%). Eighteen patients 
(31.6%) had general anesthesia. Duration of anesthesia in 
these 42 patients ranged from 30 to 230 minutes (mean 
+ SD, 96.4 + 45.9). Respiratory motions of the diaphragm 
that initiated liver movement were closely monitored by 
the anesthesiologist. Patient cooperation was essential to 
control respiratory movemerts for patients under epi- 
dural, regional, or local blockade. 


Data Management and Statistical Analysis 


Chest radiography, cholangiography, abdominal com- 
puted tomography, sonography, and laboratory tests (daily 
liver profiles, amylase, hemoglobin, end WBC) were ob- 
tained on admission, at appropriate intervals after ESWL, 
and prior to discharge. If fragments of BDC did not pass 
spontaneously after ESWL, invasive extraction techniques 
were used as deemed necessary by the investigators. When 
advisable, a second ESWL was perfcrmed following re- 
covery during the hospital stay or at subsequent admis- 
sion. Surgery was to be performed in cases of unsuccessful 
ESWL when additional adjunctive measures failed and 
in the event that complications could not be managed 
with conventional, nonsurgical techriques. Patient pro- 
files, pre- and post-ESWL treatment techniques, and re- 
sults were recorded by the institutional investigators in 
compliance with FDA guidelines and regulations. Entries 
on patient record forms were made according to the in- 
struction manual for data collection developed by the 
Biometric Research Institute, Inc. The sponsor and the 
monitor continuously evaluated the investigation in order 
to assure compliance with the study design and to evaluate 
unanticipated adverse events throughout the clinical trial. 
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Data collection and statistical analysis were completed 
and results were expressed as mean + SD or as ranges 
and medians. Where appropriate, the Wilcoxon-ranked 
sum test, chi-square, Student’s t-test or analysis of variance 
(ANOVA) were applied. Actuarial analysis was performed 
by the method of Kaplan and Meier." Results with p 
values < 0.05 were considered significant. 


Results 


Treatment was aborted in one patient (1.8%) secondary 
to the anesthesia-related complication of a regional block 
with sedation in which the patient had profound respi- 
ratory depression. In addition, ESWL treatments were in- 
terrupted and then resumed in 4 patients (7%), of which 
2 (3.5%) were anésthesia-related; 1 (1.8%) required patient 
repositioning under general anesthesia; and 1 patient 
(1.8%) had sonography performed to verify success of the 
treatment, which was subsequently resumed. No treat- 
ments were aborted or interrupted on the basis of medical 
reasons or lithotripter malfunction. 

A second ESWL treatment was necessary in 15 patients 
(35.7%). The predominant reason for retreatment in 14 
patients (93.3%) was inadequate fragmentation of BDC, 
possibly secondary to stone movement during treatment 
or suboptimal localization of the BDC at F». Alternatively, 
the physical properties of the BDC may have precluded 
fragmentation. For these patients, the investigators con- 
sidered calculus fragmentation to be incomplete and/or 
too large to allow transpapillary passage. Further, the in- 
vestigators considered transendoscopic or percutaneous 
extraction techniques to have a high probability of failure. 
An anesthesia-related adverse event necessitated retreat- 
ment in one patient (2.4%). 

Figure 2 denotes the percentage of patients treated with 
one or two treatments as a function of number of stones 
before ESWL. No correlation was evident for an increasing 
stone number to require two ESWL treatments. However, 
if one evaluates the effectiveness results at final discharge 
for the percentage of patients who were stone free ac- 
cording to pretreatment number of stones, one sees that 
stone-free status does correlate with number of stones ob- 
served before treatment (Table 3). Using the Mantel- 
Haenszel chi-square test, the number of stones before 
treatment was statistically significant (p = 0.04) in terms 
of predicting the probability of a stone-free status at dis- 
charge. For patients with only one stone before ESWL, 
13 (92.9%) were stone free at discharge, and for one patient 
(7.1%) fragmentation was indeterminate. In addition, as 
stone number increased to more than 2, the probability 
of being stone free at discharge was inversely proportional 
to increasing stone number but was not statistically sig- 
nificant due to the small sample size of the treatment 
subgroups. As stone numbers increased, the probability 
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Fic. 2. Graphic depiction of percentage of patients treated with one or 
two ESWL treatments as a function of the number of stones. No cor- 


relation is evident for an increasing stone number to necessitate a second 


ESWL treatment. 


of stone fragmentation increased proportionally, but the 
patients were not discharged stone free (p = NS). 

For 14 patients with one stone, 6 (42.9%) required 2 
ESWL treatments. A mean + SD, 1.4 + 0.5 treatments 
per patient for 1 to 8 stones (mean + SD, 2.7 + 1.8) was 
necessary. As stone numbers increased from 2, 3, and 


_ more than 4, the relative percentage of patients requiring 


a second treatment was 45.4%, 20%, and 25%, respectively. 
In this relatively small series, increase in stone numbers 
did not correlate with the necessity for a second treatment. 
In contrast, as stone burden increased, as determined by 
the sum of the diameter (mm) of the largest stones, the 
probability of a second treatment increased. If the sum 
of diameter of the largest stones exceeded .21 mm, a second 
ESWL treatment was necessary in over one half of the 
patients (Table 4). 
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Stone Size as a Determinant of Effectiveness of ESWL 


Treatment results 24 hours after ESWL were evaluated 
by intrabiliary catheters using contrast media for chol- 
angiography, by sonography, or both. Of 57 ESWL treat- 
ments in 42 patients, fragmentation of BDC occurred in 
47 treatments (90.4%) of 35 patients (94.6%) (Table 5). 
Stone fragmentation did not occur in five treatments 
(8.7%). For five patients (11.9%), radiographic contrast or 
sonographic studies were indeterminate for stone frag- 
mentation and/or passage from the biliary tree. Fragments 
were retained in 37 (64.9%) of the ESWL treatments for 
25 patients (59.5%). Table 5 documents the largest di- 
ameter of retained fragment size (millimeters) for 25 pa- 
tients with retained biliary debris. For retained fragments 
of 3 mm or less, 4 mm to 6 mm, 7 mm to 9 mm, or 10 
mm or more, the number of patients and frequency of 


` this observation was 3 (12%), 3 (12%), 1 (4%), and 17 


(68%), respectively. For one patient (4%) determination 
of the largest fragment size was not possible by any im- 
aging technique. Four patients cleared the biliary tree of 
residual fragments/debris without further therapeutic in- 
tervention. , 

Before discharge, adjunctive, nonsurgical procedures 
were necessary for stone removal in 21 patients (50%). 
These procedures are depicted in Table 6 and include 
transpapillary or percutaneous endoscopic extraction in 
10 patients (47.6%), biliary lavage in 8 (38.1%), endoscopic 
placement of bile duct prosthesis in 1 (4.8%), or combi- 
nations in 4 patients (19%). Of the auxillary measures 
required to clear the biliary tree in one half of subjects, 
no statistically significant differences (p = 0.926) were 
apparent for patients with retained fragments measuring 
10 mm or more ys. fragments of 9 mm or less. Operation 
was performed after ESWL and before discharge in one 
patient and at a subsequent date in a second (total 9.5%). 
Based on the false-positive sonographic data of residual 
fragments in one patient, the common duct was explored 


TABLE 3. U.S. Bile Duct Lithotripsy Study: Effectiveness Results. Distribution of Final Discharge Results 
According to Pretreatment Number of Stones 


Results at Discharge 


Not Stone-Free* 


Stone Free* 


l Fragmented 
Number of 
Stones Pretreatment No. (%) No. (%) 

i 13 (92.9) 0 

2 8 (72.7) 2 (18.1) 
3 3 (60.0) 1 (20.0) 
4 or more 7 (58.3) 5 (41.7) 
Subtotal 31 (73.8) 8 (19.0) 


Fragmentation 

Not Fragmented Unknown 

No. (%) No. {%) Total 
0 ] (7.1) 14 (100.0) 
0 l (9.1) 11 (100.0) 
1 (20.0) 0 5 (100.0) 
0 0 12 (100.0) 
i (2.4) 2 (4.8) 42 (100.0) 


* p = 0.04 Mantel-Haenszel test comparing no. of stones pretreatment to results at discharge. 
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TABLE 4. Distribution of Sum of Diameters of Largest Stones in Each 
Location by Number of Treatments 


Number of Treatments 





Sum of Three or 
Diameter of One Two More Total 

Largest — aaa 
Stones (mm) No. (%) No. (%) No. (%) No. (%) 

1-10 4 (15.41 0 0 4 (9.8) 

11-20 14 (53.81 7 (46.7) 0 21 (51.2) 
21-30 6 (23.1) 5 (33.3) 0 11 (26.8) 
31-40 0 2 (13.3) 0 2 (4.9) 
41-50 0 J (6.7) 0 i (2.4) 
51 or more 2 (7.7) 0 0 2 (4.9) 
Subtotal 26 (100.0) 15 (100) 0 41 (100) 
Not reported i; 0 0 l 
Total no. 

patients 27 15 0 42* 


Treatment per patient: Mean + SC, 1.4 + 0.5; Range, 1-2. 
Stones per patient: Mean + SD, 2.7 + 1.8; Range, 1-8. 
* 42 patients had 57 treatments. 


\ 


without findings of stone or debris. A choledochoduo- 
denostomy was performed in both patients following duct 
exploration. 

Time of hospitalization from pre-ESWL evaluation or 
catheter placement to discharge ranged from one to 31 
days (mean 9.6). At the time of discharge of these 42 pa- 
tients, 31 (73.8%) were stone free, whereas 8 (19%) had 
retained calculi that were fragmented and 1 (2.4%) had 
retained stones that were unfragmented. Documentation 
of stone passage or fragmentation could not be determined 
in two patients (4.8%) despite high-quality imaging with 
cholangiography and/or sonography. 


TABLE 5. U.S. Bile Duct Lithotripsy Study: Treatment Results 





24 Hours Post-ESWL 
ESWL 
Treatments Patients 
Results No. (%) No. (%) 
Total 57 (100) 42 (100) 
Fragmentation 47 (90.4) 35 (94.6) 
Indeterminate 5 (8.7) 5 (11.9) 
Fragments retained 37 (64.9) 25 (59.5) 
Diameter: Largest fragments l 
retained 
<3 mm 3 (8.1) 3 (12.0) 
4-6 mm 3 (8.1) 3 (12.0) 
7-9 mm 1 (2.7) 1 (4.0) 
210 mm 29 (78.4) 17 (68.0) 
Indeterminate l (2.7) 1 (4.0) 
Total treatments with l 
retained fragments 37 (100) 25 (100) 
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TABLE 6. U.S. Bile Duct Lithotripsy Study: Treatment Results 
at Discharge for Patients 


Number % 
Total patients treated 42 100.0 
Stone-free 31 73.8 
Not stone-free (fragment) 8 19.0 
Not stone-free (nonfragment) l 2.4 
Unknown 2 4.8 
Additional procedures needed for stone 
removal 21 50.0 
Procedures i 
Endoscopic extraction 10 47.6 
Lavage 8 38.1 
Surgery 2 9,5 
Endoscopic placement duct 
prosthesis 1 4.8 


Combination 4 19.0 


Complications/Observations of ESWL Therapy for Bile 
Duct Calculi 


. Previous experimental work by Brendel et al* confirmed 
an increase in serum transaminases (SGOT, SGPT) im- 
mediately after shock-wave, exposure in gallbladders of 
dogs. Liver enzymes, including alkaline phosphatase, lac- 
tic dehydrogenase, SGOT, SGPT, and bilirubin, were 
monitored on the day of ESWL therapy, 24 and 72 hours 
after ESWL, and at discharge (Table 7). In addition, serum 
amylase, hematocrit, and white blood-cell count were: 
evaluated at similar intervals. No statistical change in he- 
patic enzymes or bilirubin from the day of ESWL therapy 
through the day of discharge was evident in these 42 pa- 
tients (Fig.3). In one patient who acquired chemical pan- 
creatitis, the serum amylase increased on day 0 (before 
ESWL) and was determined to be related to the pre-ESWL 
ERCP with sphincterotomy. Of interest is the lack of sta- 
tistically significant change in mean values of the serum 
amylase or WBC in the post-ESWL period through dis- 
charge. In contrast, mean values of the hematocrit de- 
creased 3.1% from day 0 to discharge and this change was 
statistically significant at p = 0.001 (Fig. 4). 


~ TABLE 7. Dornier U.S. Bile Duct Study: Laboratory Data Mean 
Values Post-ESWL Compared With Pretreatment Values 


Day0 Dayi Day3 Discharge  p-Value 

Liver Functions 

ALK PHOS 256.9 ZiT 193.2 242.7 NS 

LDH 237.8 310.2 246.2 208.5 NS 

SGPT 89.4 86.7 63 51.4 NS 

SGOT 63.9 64.5 40 32.7 NS. 

Bilirubin 1.7 1.7 1:2 0.9 NS 
Other 

Amylase 111.6 124 134.3 99.7 NS 

Hematocrit 38.4 37.5 37.5 35,3 0.001* 


WBC 9.9 9.4 8.5 7.3 NS 


* Compared to pre-ESWL value. 


750 


DORNIER U.S. BILE DUCT STUDY: 
LABORATORY DATA MEANS POST-ESWL COMPARED WITH 
PRETREATMENT VALUES FOR LIVER FUNCTION TESTS 
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Fic. 3. Laboratory data (mean) obtained post-ESWL compared with 
pretreatment laboratory values. Hepatic function tests (N=42) were 
plotted on day 0 (pre-ESWL), 24 hours after ESWL, 72 hours after ESWL, 
and at discharge. No statistically significant change was observed from 
day 0 through discharge as determined by mean variations in liver enzyme 
values to denote hepatic parenchymal injury or bile stasis as a consequence 
of the shock waves. 


t 


Table 8/ depicts the observations/complications during 
ESWL, after ESWL, and at discharge. The incidence for 
hemobilia of 5.3% during ESWL and 7% after ESWL and 
prior to discharge may account for the statistical change 
in the hematocrit values. No individual experienced hy- 
potension or syncope relative to the blood loss associated 
with ESWL and no patient required blood transfusion. 
Overall, complications were experienced in 8 treatments 
(14%) during ESWL; 2 adverse events (3.5%) were anes- 
thesia-related and the patients developed respiratory 
depression and hypotension. The greatest frequency of 
complications occurred in 27 treatments (47.4%) 24 to 
72 hours after ESWL and before discharge. Hemobilia 
and biliary-related pain or sepsis were evident in 12 treat- 
ments (21.1%). ESWL-related adverse changes in the lungs 
were identified in three treatments (5.3%). 
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DORNIER U.S. BILE DUCT STUDY: 
LABORATORY DATA MEANS POST-ESWL COMPARED WITH 
PRETREATMENT VALUES FOR AMYLASE; HEMATOCRIT 
AND WHITE BLOOD CELLS 
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FIG. 4. Laboratory data means after ESWL compared with pretreatment 
values for hematocrit, amylase, and white blood-cell count. Serum am- 
ylase and WBC mean counts day 0 through discharge had no statistically 
significant change (p = NS with ANOVA) for the 42 subjects. Hematocrit 
values from day 0 through day of discharge were observed to have a 
statistically significant change (p = 0.001). Presumably, the decrease in 
hematocrit is related to hemobilia, macrohematuria, and/or clinically 
asymptomatic submucosal ductal or hepatic parenchymal injury. 


At discharge, 93% of the treatments had initiated no 
adverse events; 2 treatments (3.5%) caused biliary-related 
pain, 1 (1.8%) had nonbiliary-related abdominal pain, and — 
one patient (1.8%) was in the recovery from an adverse 
pulmonary event related to ESWL therapy. No deaths 
were experienced in this predominantly elderly patient 
population. 


Discussion 


These results suggest that shock-wave lithotripsy of bile 
duct calculi can be accomplished with a high frequency 
of stone fragmentation (90.4%) and has proved clinical 
safety and efficacy when applied in this clinical setting. 
Although 94.6% of this predominantly elderly population 


TABLE 8. U.S. Bile Duct Lithotripsy Study: Distribution of Observations/Complications During ESWL, Post-ESWL, and at Discharge 


During ESWL 
Observation/ 

_ Complication* No. (%) 
Hemobilia 3 (5.3) 
Biliary-related pain i (1.8) 
Biliary-related sepsis 0 (0) 
Pancreatitis 0 (0) 
Abdominal: nonbillary 0 (0) 
Pulmonary: ESWL-related l (1.8) 
Anesthesia-related 2 (3.5) 
Macrohematuria 0 (0) 
Operation: biliary tree 0 (0) 
Operation: other 0 (0) 
Other Í (1.8) 
Total 8 (14.0) 


* Based on 57 ESWL treatments in 42 patients (% of treatments). 


Post-ESWL At Discharge 
Before Discharge No. (%) 
4 (7.0) 0 (0) 
6 (10.5) 2 (3.5) 
2 (3.5) 0 (0) 
I (1.8) 0 (0) 
2 (3:5) l (1.8) 
3 (5.3) ] (1.8) 
0 (0) 0 (0) 
2 (3.5) 0 (0) 
2 (3.5) 0 (0) 
0 (0) 0 (0) 
5 (8.8) 0 (0) 
27 (47.4) 4 (7.0) 
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had stone fragmentation, one half of them required ad- 
junctive procedures, including transendoscopic extraction, 
lavage, endoscopic placement of bile duct prostheses, or 
combinations of these techniques to. free the biliary of 
stones. Overall, 73.8% of these high-risk patients were 
stone free at discharge despit2 a recognized post-ESWL 
complication rate in 47.4% of the lithotripsy treatments. 
Two patients were operated for presumed retained com- 
mon duct stones, but one patient had complete passage 
of retained stones at the time of the duct exploration. The 
low frequency of pancreatitis 1.8%) in this population is 
encouraging and the tow occurrence was related to the 
pre-ESWL ERCP rather than to the ESWL therapy. This 
patient had complete resolution of the illness before dis- 
charge. 

This study also confirms the work by German inves- 
tigators,’”® in that the size of zhe fragmented stone is an 
important determinant of passage from the biliary tree. 
As indicated in Table 5, 59.5% of patients had retained 
fragments following 1 or 2 ESWL treatments. As we would 
expect, larger fragments (= 10 mm) had the highest fre- 
quency (68%) of retention (p < 0.05). Although 28% of 
patients had retained fragments of 3 mm to 9 mm or less 
in size, the probability for subsequent passage of fragments 
sized 6 mm or more without adjunctive measures is 
doubtful. Brendel, Delius, and Enders* confirmed that 
papillary or ductal mucosal lesions of the biliary tree in- 
crease with fragment size of more than 2 mm. With stones 
2 mm or less, no obstruction or anatomical changes of 
the biliary tree were observed. Serum enzymes indicating 
bile stasis were elevated in dogs with BDC measuring 4 
mm or more. However, no abnormalities of liver function 
tests were evident if fragments measuring 2 mm or less 
were present. The true incidence for passage of varying 
stone sizes could be determined only with prolonged ob- 
servations of post-ESWL patients with retained frag- 
mented stones. However, even with high-quality sequen- 
tial cholangiograms and sonozrams, we were unable to 
confirm fragmentation and/or stone passage in 11.9% of 
the subjects studied. 

In contrast to the experimental data of Brendel et al,‘ 
this prospective study identified no immediate or delayed 
increase in serum hepatic enzymes following shock-wave 
lithotripsy of the biliary tree that is indicative of liver 
hemorrhage or bile stasis. Following two ESWL treatments 
(3.5%), biliary-related sepsis developed 24 hours after 
ESWL and before discharge. The most common compli- 
cation was that of biliary-related pain 24 to 72 hours after 
ESWL, and was observed in six treatments (10.5%). This 
adverse event is, perhaps, expectant with passage of me- 
dium or large fragments through a papilla that has had 
an incomplete transendoscopic sphincterotomy. However, 
when endoscopic sphincterotomy is complete, a 10 mm 
to 12 mm balloon mav be passed through the sphincter 
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of Oddi to insure patency for subsequent stone passage. 
When this maneuver is successful, it is generally observed 
that the majority of stones measuring 10 mm or less will 
pass from the common duct into the duodenum. This 
observation was confirmed in this interim report because 
72% of stones measuring 3 mm to 9 mm or less passed 
spontaneously into the duodenum. Thus, endoscopic 
sphincterotomy represents the primary adjunctive mo- 
dality for lithotripsy of stones in the biliary ducts and, 
perhaps, in the gallbladder. 

The absence of profound alterations in the hepatic en- 
zymes, serum amylase, WBC, and bilirubin are in con- 
currence with the experimental work of Newman and as- 
sociates.*° These investigators evaluated in vivo results of 
human gallstones treated on the shock-wave blast path in 
canine gallbladders. The gross and microscopic histo- 
pathologic changes appeared to be minimal for canine 
gallbladders treated with ESWL using 2000 shocks at 18 
kV to 22 kV. Mitoses were absent in the normal gall- 
bladder but were more prominent in organs examined 
soon after ESWL. In addition, mitoses in the surface ep- 
ithelium and crypts were virtually absent in animals 
shocked and killed 41 to 46 days later. Autopsy of all 
animals receiving ESWL failed to confirm subscapular 
hematomas, hepatic parenchymal or contiguous visceral 
injury as a consequence of the shock-wave lithotripsy. 
This experimental study and the low frequency of pan- 
creatitis, biliary-related sepsis, and hemobilia in the pres- 
ent report are encouraging and serve to dispel the un- 
founded concern for pancreatic and hepatic injury. At the 
time of discharge, 93% of post-ESWL-related adverse ob- 
servations had resolved. No patient has subsequently re- 
quired operation or has been readmitted for untoward 
medical events related to the shock-wave lithotripsy. 

Even before the original report by Sauerbruch and 
associates’ of the treatment of choledocholithiasis with 
ESWL, small series using various lithotripsy approaches 
appeared in the literature. Extracorporeal lithotripsy can 
be performed with shock waves, using energy generated 
by spark-gap, piezoelectric or electromagnetic principles. 
With technical modifications, the final appearance and 
physical properties of the generated wave is very similar, 
regardless of the lithotripter used. Electrohydraulic gen- 
erators develop greater pressure elevations and the number 
of shocks necessary is correspondingly less than with the 
other technology. However, the effects of the latter two 
systems, while controllable, are in early phases of devel- 
opment of the technology and little data are available on 
experimental or clinical studies for lithotripsy of human 
gallstones. Despite the paucity of data, aside from the 
electrohydraulic generator technology, reports continue 
to appear applying intracorporeal and extracorporeal 
lithotripter techniques. Transcholecystic or transpapillary 
endoscopic lithotripsy of choledocholithiasis have been 
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reported with varying success.‘ " In addition, Demling 
and associates!® report the application of lithotripsy of 
common bile duct calculi using ultrasound, but this tech- 
nology has only been applied for in vitro experiments. An 
enlarging experience with mechanical lithotripsy is evident 
throughout the world and may represent an important 
adjunctive technique with extracorporeal shock waves to 
clear the biliary tree of retained fragments. !?-23 


i2- 


At present, extracorporeal shock-wave technology has - 


a major role for the treatment of select patients with bile 
duct calculi otherwise untreatable by nonsurgical measures. 
An increasing number of articles in the literature***? con- 
firms the success of lithotripsy used concurrently with ad- 
junctive interventional techniques via percutaneous, 
transhepatic, transcholeécystic, or transpapillary routes. 
Most of these reports confirms the efficacy and safety of 
- ESWL when they are used as the sole therapeutic modality 
or are combined with other invasive techniques. 
The application of cholesterol gallstone dissolution 
agents may also represent an adjunctive technique to en- 
hance clearing of the biliary tree of fragments and debris 
following ESWL. Neubrand and associates? confirmed 
that glycoursodeoxycholic acid (GUDC)-lecithin solution 
dramatically enhanced dissolution rates of stones follow- 
ing ESWL fragmentation, which increased their total sur- 
face area. The future application of ethers such as methyl 
tert-butyl ether (MTBE) to augment nonfractured and 
fractured stone dissolution has not been determined fol- 
lowing ESWL of bile duct calculi. However, Allen and 
associates’! have convincing in vitro and in vivo data 
that support the observation that dissolution kinetics of 


cholesterol gallstones may be enhanced with MTBE.. 


These observations are in accord with the data of Burns 
et al.*4 

In the present series of predominantly geriatric patients 
(mean age, 73.5 years), ESWL appears to be a safe and 
efficient modality to fracture BDC. In this elderly popu- 
lation, general anesthesia was considered appropriate in 
18 patients (31.6%). Sackmann and investigators?’ re- 
_ ported the first clinical experience for ESWL without gen- 
eral anesthesia. Gallbladder stone therapy with ESWL by 
this group was initially performed using general anes- 
thesia.* Subsequently, only 21% of their patients required 
general anesthesia. The choice of the method of anesthesia 
or analgesia for patients in ASA Classes I and II was gov- 
erned by the patients’ preference. More recently, Brown 
et al.” reported the successful fragmentation of biliary 
tract stones by lithotripsy in two high-risk patients under 
controlled, local anesthesia. One of these patients required 
Dormia basket-retrieval via a T-tube tract. It is possible 
that we will see continuing modifications of the present 
lithotripters, which will reduce the requirements even 
further for anesthesia. These modifications to approach 
an anesthesia-less system may have great merit for the 
treatment of BDC, especially in the geriatric population. 
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This interim report of the first American prospective 
trial for the application of ESWL to human gallstones 
suggests that bile duct calculi can be successfully frag- 
mented. Further, with adjunctive techniques, ESWL al- 
lowed almost three fourths of this high-risk group to be 
converted to a stone-free status at discharge. Adjunctive 
procedures had a major role in the treatment of bile tract 
calculi and were necessary in one half of the patients of 
this series. Gallstones presently affect approximately 16 
to 20 million persons in the United States alone.*’ This 
study emphasizes the usefulness of a multidisciplinary 
approach for the treatment of biliary calculi. The surgeon 
will continue to play an increasing role in the management 
of gallstone disease from a different perspective, which 
should include involvement with the extracorporeal and 
intracorporeal lithotripsy technology as well as adjunctive 
invasive methods to eliminate stone disease. 
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DISCUSSION 


Dr. JAMES C. THOMPSON (Galveston, Texas): First, this is a paper 
about 42 patients from {1 institutions with 13 authors and 32 consultants. 
That comes out to 45 authcrs and consultants studying 42 patients. 

Well, that is a real problem because whenever you compile a study 
you want to be sure that patients are aandled in a similar fashion. That 
is why Dr. Frank Moody was enlisted to serve as monitor, and I am sure 
Dr. Moody struggled with the question of homogeneity of selection, 
homogeneity of therapy, and homcgeneity of criteria for outcome. 
Nonetheless, problems of homogeneity persist. For example, we are told 
that some centers used the HM-3 ard some the HM-4, which means 
with a water bath and without a water bath. How many were there in 
each? Were there differences between ratients treated in the old-fashioned 
water bath and the new model? 

We are told that these pazients were selected after having every other 
route of treatment exhausted. That statement may be troublesome. | 
know that the authors were troubled by that. The manuscript says that 
the patients were accepted who had stones that were inaccessible or un- 
treatable by papillotomy or percutaneous ston2 extraction. Who deter- 
mined that? For me such criteria covers every common duct stone because 
I don’t know how to do those things, Dut there are some people who are 
absolutely excellent at endoscopic stone removal. There is a man named 
David Fletcher, a surgeon at the Austin Hospital at Melbourne, who 
says that nearly every common duct stone can be treated by ERCP. Who 
decided that the patients in this series were untreatable? I would like Dr. 
Bland to tell us about that, because I think it is a great problem. 

I would like to ask Dr. Eland how much tkis costs, on average, per 
patient? What is the average cost, and tell the truth, because everybody 
knows there are high figures and ther2 are low figures. 

Also, how iong is the mean follow-up? And how many of these patients 
were treated at the most productive of these institutions? That is, 42 
patients, 11 institutions. That is about 4 patients per institution, but I 
will bet that there were several that nad one or two patients or none. 
Did you have to put in so many patients in order to get in, or if you had 
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only a single patient, would that qualify? That makes a whole lot of 
difference in the statistics when you have multiple-center trials. 

Last, I would like to ask how you explain this failure of correlation 
between the need for a second treatment and the stone-free status? Does 
that mean that some of these, after you treat them, quietly disintegrate 
and then disappear? I suspect that is what it means, but I would like to 
be reassured of that. 

I think that is a study that we need. I think all of us are going to be 
working on this problem. I really hope that somebody at HCFA is going 
to be looking at these patients in the long term because unless we do 
something to prevent it, these stones are going to recur. I don’t know 
honestly what the right way to do this is and what the cost will be. If 
patients have to take ursodeoxycholic acid every day for the rest of their 
lives and have their gallbladders banged every so often, what is going to 
be a lifetime measure of cost-effectiveness? 


Dr. J. PATRICK O'LEARY (Dallas, Texas): It doesn’t seem possible to 
raise any further questions after the litany that Dr. Thompson has ar- 
ticulated. 

However, I would like to show you several slides that demonstrate the 
effect of shock-wave therapy on cholesterol stones, bile pigment stones, 
and mixed stones. In these experiments, a Medstone 1050ST lithotripter 
was used. This machine uses a spark-gap generator that produces elec- 
trohydraulic shock as 24,000 volts are passed through the electrode. 

These pictures were obtained after gallstones were placed in the gall- 
bladder of pigs that were then allowed to recuperate. Each animal was 
treated with 2000 shocks directed at the gallstones. 

When cholesterol stones were treated (slide) disruption was nearly 
complete and multiple small particles passed through the cystic duct and 
the common duct. When gentle pressure was placed on the common 
bile duct this slurry of material was expressed through the ampulla of 
Vater. When strained, the particulate matter measures up to 2 mm in 
diameter. 

(Slide) When pigment stones are treated, they break but do not frag- 
ment into the small particles previously seen. 
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(Slide) Mixed stones break better than pigment stones, but not as well 
as cholesterol stones. 

Based on our experience in these animals and on 65 patients reed 
at Baylor University Medical Center, I would like to ask the following 
questions. 

Were any solvents used in this study? In other words, were the patients 
treated with either chenodeoxycholic acid or ursodeoxycholic acid (Ac- 
tigall®)? 

Were the patients divided into groups based on the source of the stones, 
i.e., primary versus secondary? 

Finally, what was the comparison of the accuracy of the ultrasound 
to the x-ray determination with regard to particle size? 

` In our experience we have had a great deal of difficulty arriving at a 
precise estimation of stone or fragment size from ultrasound images. 


DR. ROBERT E. HERMANN (Cleveland, Ohio): I appreciate the op- 
portunity to comment on this fascinating paper and for the opportunity 
the authors gave me to review the manuscript. There has been an ex- 
plosion of technologically new methods to treat gallstones and bile duct 
stones in the past 10 years. Surgeons who wish to continue to treat biliary 
disease must stay current and knowledgeable in regard to these new 
techniques. 

For gallstones and patients with chronic cholecystitis (not acute cho- 
lecystitis nor asymptomatic patients with stones) there is the choice of 
cholecystectomy, which is still the “gold standard”; shock-wave lithotripsy 
with oral dissolution drugs; oral drugs, Cheno or Ursodeoxycholic acid- 
alone; or percutaneous catheter cholecystostomy with MTBE installation 
to dissolve the stones. For bile duct stones, there continues to be bile 
duct exploration to remove the stones with T-tube drainage or with 
sphincteroplasty, choledochoduodenostomy, or choledochojejunostomy; 
endoscopic sphincterotomy with stone removal; transhepatic infusion 
of biliary solvents such as monooctanoin; and now ESWL to fragment 
the stones with or without endoscopic sphincterotomy or monooctanoin 
infusion to help them pass. This is an early or interim report and we 
will need more data in more patients, but it is clear from this report that 
this is a safe procedure, there were no deaths in this elderly or high-risk 
group, but there were some complications in 47% of the patients. It is 
reasonably effective, 74% of the patients were free of stones at discharge, 
but 50% of the patients required adjuvant therapy in order to achieve 
this goal. Five per cent of this group of patients subsequently needed 
surgery to remove the stones. 

Operative removal of bile duct stones is also safe, but does carry a 
mortality rate of about [% in high-risk patients based on our experience 
reported about 3 years ago (Surgery 1985;98:746~750). However, it is 
almost totally effective, all stones in the biliary system can usually be 
removed and, at the same time, fixed ductal obstruction, the cause of 
most recurrent stones, can be corrected. Further time and experience 
will help us to put these various treatments in their true perspective. A 
major issue, so far unknown, will be the comparative cost of these pro- 
cedures. For the moment, we know they are safe and moderately effective. 


I would like to ask the authors if they have any cost that data they 


can share with us at the present time? I enjoyed this paper very much. 


Dr. HENRY A. PITT (Baltimore, Maryland): The majority of stones 
were in the common hepatic and common bile duct, but some of the 
stones were at the ampulla, while others were in the intrahepatic ducts. 
Did the efficacy of ESWL change with respect to position in the intra- 
or extrahepatic ducts? 

We heard data about the number of stones but not about the type of 
stones. From either stone retrieval or stool screening, do the authors 
have any data on the types of stones treated and the efficacy with respect 
to stone type? 

The only statistically significant laboratory change was the hematocrit, 
which fell from 38% to 35%. Although statistically significant, was this 
fall in hematocrit clinically significant? Was this change the result of 
occult bleeding, hydration, or pure chance that one of many parameters 
would achieve statistical significance? 

My final question is an extension of the one asked by Dr. Thompson 
about different lithotripsy machines. Did the percentage of patients re- 
quiring general anesthesia relate to the generation of machine used? If 
so, do the authors foresee that common duct stones can be treated by 
ESWL without the need for general anesthesia? 
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Dr. EUGENE H. SHIVELY (Campbellsville, Kentucky): Dr. Wieman 
and I from Louisville reported 27 percutaneous choledochoscopies in 
22 patients at the SAGES meeting last spring. We were able to chole- 
dochoscope patients through the T-tube tract and remove stones relatively 
easily. This can often be done as an out-patient procedure. 

I wonder if this was attempted in any of these patients before lithotripsy 
or after lithotripsy where there were large fragments. 

I, too, am interested in anesthesia. With the new lithotripsy, do you 
anticipate that fewer patients will have to undergo general anesthesia? 

Also, I was interested in the cost, and last but not least, who should 
be doing this, and do you plan‘to teach other surgeons this technique? 


Dr. MARTIN S. Litwin (New Orleans, Louisiana): Thank you very 
much. 

. Lam pleased to have the opportunity to discuss this superb study, 
which I feel was done by a group of objective and highly skilled inves- 
tigators. 

After hearing previous discussants, I was reminded of a statement that 
Dr. John Collins Warren made when he heard snickers from the audience 
while he was administering general anesthesia for the first time in the 
Etherdome in Boston. “Gentlemen, this is no humbug.” 

Over the last four 4 months at Tulane we have also been engaged in 
an FDA-approved study on the effects of lithotripsy on gallbladder stones. 

(Slide) We have a Dornier lithotripter that we use for renal lithotripsy; 
the lithotripter we use for biliary lithotripsy is a Medstone 1050. The 
Medstone is a multiple-use device with not only the lithotripter but also 
a high-resolution ultrasound and an overhead x-ray with a Bucky table 
that we use for standard x-rays. It is also the least costly device on the 
market today, and it is made in the United States. 

Our study is directed by Dr. Atilla Ertan, Chief of Gastroenterology, 
and the three coprincipal investigators are Arvin Robinson, Professor 
and Chairman of Radiology; Alan Grogono, Professor and Chairman 
of Anesthesiology; and me. 

To date we have evaluated more than 200 patients for inclusion in 


_ the study. (Slide) Briefly, these are the approved criteria for inclusion in 


the study: radiolucent stones, a history of biliary pain, a functioning 
gallbladder, and clear detection of stones by ultrasound. 

Through Monday, November 30, 1988, we have treated 22 patients 
with gallbladder calculi. The first ten patients were treated under general 
anesthesia, the last 12 procedures using only sedation. All patients recetved 
ursodiole for seven days before lithotripsy and for 3 months after litho- 
tripsy. Two patients are no longer taking ursodiole and have been free 
of stones for at least | month. Initially all stones were fragmented. 

Nine patients are stone free at this time. Thirty per cent of the patients 
had postlithotripsy pain on passage of these fragments through the biliary 
tree, but in all patients pain was controlled with Tylenol 3. Most patients 
went home on the day of the procedure. After lithotripsy, 35% of the 
patients experienced transient hematuria, but none have had either pan- 
creatitis or chemical evidence of cholestasis. 

However, I think of greater interest to this group than the 22 patients 
that have been treated with biliary lithotripsy are the 17 patients who 
were not considered satisfactory candidates for lithotripsy, in whom we 
subsequently performed cholecystectomies and intraoperative cholan- 
giograms., 

These patients seemed to have much more severe gallbladder disease 
than did those who have been referred in the past for standard elective 
cholecystectomy. 

In all patients, chronic inflammation seems to have been more exten- 
sive, adhesions were more pronounced and the dissections were consid- 
erably more difficult. It is almost as if these patients had been avoiding 
needed surgery, and at last presented themselves for complete evaluation. 
Even though they were not judged candidates for lithotripsy, their work- 
ups seemed to demonstrate to them the severity of their diseases, and 
they have been convinced to go ahead and have needed operations. 

I am grateful for this opportunity to hear Dr. Bland’s report. Not only 
do I agree with his conclusions, but I also encourage each member of 
the Society to become familiar with the biliary lithotripter, its uses, and 
its potential. In a very short time, I feel quite strongly that this device 
will receive overwhelming FDA approval and will be a part of our ther- 
apeutic armamentarium. 

Most assuredly the long-term effects following treatment with this 
device should be followed; some of you may be aware that renal hyper- 
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tension is now beginning to occasionally appear in patients who have 
undergone renal lithotripsy. 

As regards comparative costs, biliary lithotripsy for gallbladder stones 
at our institution costs approximately one third of the cost of hospital- 
ization for cholecystectomy. More imrortantly in Dr. Bland’s report, we 
must not lose sight of the fact that 31 of his patients are stone free and 
did not require the trauma cf surgical intervention. 


Dr. E. ARMISTEAD TALMAN (Richmond, Virginia): We should cer- 
tainly applaud the involvement of our surgical colleagues in studies such 
as this; but in line with Dr. Polk’s provocative presidential address, I, as 
a community surgeon, have a serious practice] concern: Who should 
push the button and who should be reimbursed for pushing the button? 

In some areas of the country the urologist pushing the button for rena! 
lithotripsy is now reimbursed more than a general surgeon is paid for 
performing a common duct exploration surgically. 


Dr. FRANK G. Moopy (Closing discussion): I appreciate this oppor- 
tunity to close this discussion on this new technology with which we will 
all have to cope. 

I am the monitor of the study. My job was to be sure that we had a 
surgeon on each of the teams, and the protocols were strictly followed. 

As Dr. Thompson pointed out, this is a tough study to do and with 
which to feel comfortable. We had multiple institutions. We had planned 
to do 100 patients. Some of the institutions have contributed cases thus 
far, but we have listed them on this as contritutors to it because they 
helped us put together the protocols that they may offer to their patients. 

The majority of the patients have been treated at three institutions— 
Gainesville, lowa, and the University of Virginia. 

I don’t think that it is by chance that at these three institutions the 
team leader happens to be a biliary tract surgeon interested in common 
duct stones. 

Now, you must disassociate the gallstone problem from the bile duct 
stone problem. They are different. The latter arz difficult-to-treat stones 
in older patients who are sick. They are symptomatic. They have to have 
something done. 

Dr. Thompson brought up the big question. Was everything done 
before the time that they were brought to the center? We can’t answer 
that precisely. l 

You are right, Jim. There is expertise, but it exists in distant places 
from where patients are, and this technology will, we think, render patients 
in a situation in which the stones will be removed by surgeons who 
practice in those communities. 

While the HM-4 was mentioned, none of tne patients were treated 
with the HM-4. They were all treated with a water bath. So that is uniform. 

All the patients had, by definition, a stone that was identified by chol- 
angiography. However, ultrasound was almost as good. So we do believe 
that the new generation of machines that use ultrasound probably will 
be sufficient to identify or Iccalize the stone, the focal point, and disin- 
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tegrate the stone and be sure that it is gone. Although I believe radio- 
graphic techniques will still be used for this purpose. 

There were several questions about the cost and who is going to press 
the button, and how are we going to train ourselves. We don’t know the 
answer to those questions. : 

The cest for each treatment probably will be in the range of $2000 to 
$2500, we think. Nobody knows because in a trial like this you don’t 
get any money. That is the problem. You don’t get paid to do this pro- 
cedure during a tnal, and that is why Dr. Bland and his coworkers are 
to be congratulated for persisting in trying to bring patients into this trial 
rapidly enough to at least get some of the homogeneity that Jim Thomp- 
son was talking about, and we think that we have that. In fact, we feel 
comfortable with this, and once we treat 50 patients, we probably will 
stop the trial because the efficacy clearly is tracking what they have learned 
in Germany with much larger numbers. Upwards of 75% of patients are 
being made stone free with the adjunct of irrigation, balloons, baskets, 
and other techniques for extracting stones. 

The safety has been well substantiated, and surprisingly, there doesn’t 
seem to be a learning curve. The Centers were as good with the first case 
as they were with their 10th case, and the centers that have just done 
one or two cases had the same results with the same safety as the three 
centers that contributed the most. 

There are some incidences of morbidity in the form of hidden blood 
loss, hematuria, and hemobilia, but only in a small percentage of patients. 
No patient required a transfusion because of blood loss, but there may 
be hematomas in the perinephric area or in the liver. We really don’t 
know. So there is still a risk factor yet to be assessed. 

We use no solvents, Primary versus secondary stones doesn’t seem to 
make anv difference. Ultrasound versus contrast. I have mentioned that 
above. 

Dr. Hermann—costs. We really don’t know. That will have to be 
defined. 

Stone position, Dr. Pitt. It seems that whether they are up in the 
biliary tree or in the papilla doesn’t make any difference in terms of the 
response to the shock waves breaking up the stone. 

Anesthesia. One third of the patients had general anesthesia. We feel 
that eventually no patient will require general anesthesia unless it is 
needed for some other reason in terms of their management. 

And then finally the issue of how do we learn about this technology. 
There are opportunities to go to centers where this is being done. You 
can sign up to do that. Go, Familiarize yourself with the techniques. 
Spend time there, I am sure you can go to any of our participating 
centers, end do that if you want to be a button pusher. 

I think that some of you will be button pushers because you do pri- 
marily hepatobiliary tract surgery. You want to make this a major focus 
of your practice. Therefore, you want to be part of this. 

I suspect that most of you will be like me. You want to stay close to 
the technology so you can get your patient to it, get the stones fragmented, 
and then do whatever is the next step in terms of treating the biliary 
tract problem. 
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The Surgical Treatment of Chronic Gastric Atony 
Following Roux-Y Diversion for Alkaline _ 


~ Reflux Gastritis: - 


! 





-` Symptoms of severe nausea, vomiting, abdominal pain, and fre- 
quent bezoars, as well as objective gastric retention, can occur , 
following Roux-Y biliary diversion for alkaline reflux gastritis. 


Medical therapy and prokinetic drugs have proven ineffective. 
This review evaluates 37 patients who underwent further gastric 
resection from 1979 to 1987 to improve gastric emptying and 
resolve symptoms. Fifteen patients underwent perioperative ra- 
dionuclide solid-food gastric emptying studies. Seventy-three per 
cent (27 of 37 patients) of the patients who underwent further 
gastric resection (70% to 95%) had a satisfactory postoperative 
response. Twenty patients were graded Visick I or 2 and 7 Visick- 
3 patients, although much improved, still had some symptoms 
of gastroparesis. Twenty-seven per cent (10 of 37 patients) failed 
to improve and underwent completion total gastrectomy. Overall, 
70% of this group had almost complete resolution of their symp- 
toms. Three of 10 patients were considered “failures” due to 
postprandial pain in 1 and early vasomotor dumping in 2. Of the 


10 patients who failed initial revisional surgery, 7 underwent a 


70% to 80% subtotal gastric resection (STG) and 3 patients un- 
derwent 85% to 95% extensive resection (EXT.G). Of the 15 
patients who underwent perioperative radionuclide evaluation, a 

mean two-hour gastric retention of 61.4% + 4% (SEM) decreased 
to 25% + 4% following further gastric resection. Eight patients 


were in the STG group and'seven patients were in the EXT.G 


group. Following STG, mean two-hour gastric retention of 58.2% 


+ 3.5% decreased to 38% + 3% (p < 0.05). In seven patients ‘ 
who underwent EXT.G, mean two-hour retention of 65% + 4% 
‘ decreased to 10% + 2.5% (p < 0.005). EXT.G resulted in normal 


gastric emptying and few late failures. In post-Roux-Y patients 


with symptoms of gastroparesis and documented gastric reten- ` 


tion, EXT.G normalizes gastric emptying and restores a better 
quality of life, Total gastrectomy should be reserved for those 
patients who are failed by more extensive resection. 


URING THE PAST TWO DECADES there has been 
a dramatic-increase in the diagnosis and treat- 


ment of alkaline reflux gastritis. The early, high 
rate of success following Roux-Y biliary diversion soon 


. gave way to increasing reports of prolonged hospitalization 
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due to gastric atony and significant late failures due to 
symptoms of chronic gastric stasis. Although contro- 
versial as to the number of patients affected,-severe symp- 
toms suggesting gastroparesis and obj ective delayed gastric 
emptying probably occur in 10% to 50% of patients un- 
dergoing biliary diversion. 4” a 

We initially used the. term Roux Syndrome to describe 
the late symptoms of severe nausea, vomiting, abdominal 
pain, arid bezoar formation in post-Roux-Y patients con- 
sidered failures of biliary diversion.* For the most part, 
patients with the most severe symptoms have documented 


` gastric retention when objective radionuclide evaluation 


of gastric emptying is performed, although the reverse is 
not necessarily true. Patients with abnormal gastric emp- 
tying tests can be relatively asymptomatic n have minor 
symptonis amendable to medical therapy.”* 
Based in part on early observations that further (ail 
total) gastric resection improves experimental Roux-Y 
gastric emptying and that Roux-Y reconstruction treats 
and may prevent anticipated dumping,”!° we began to 
treat symptomatic patients with the late Roux Syndrome 
in this fashion. 
This review evaluates our experience in perdoune 
further. gastric resection in a group of 37 patients who 
were considered late failures of Roux-Y biliary diversion 


` for alkaline gastritis. 


_ Patients and Methods 
Brow 1979 through 1987, a total of 37 patients dee: 


` went 47 procedures for clinically significant Roux-Y gas- 


tric retention. There were 15 men and 22 women with a 
mean age of 28 years (range, 29 to 72 years). Sixteen pa- 
tients underwent their original Roux-Y diversion at this 
institution and 2T patients were referred with chronic post- 
Roux-Y TREOES With the exception of the first patient, 


è 
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(1 of 37, or 3%) all were at least 6 months beyond biliary 
diversion and were classified as chronic Roux. Syndrome 
patients. The first, a 49-year-old woman, had early severe 
post-Roux-Y gastric atony and did not réspond to par- 
enteral bethanechol and metoclopramide. She subse- 
quently underwent subtotal gastrectomy with Roux-Y re- 
construction after 5 weeks of hospitalization. All 37 pa- 
tients underwent at least two procedures, their original 
operation for peptic ulcer disease and subsequent Roux- 
Y diversion. Although compiete records were lacking, at 
least 8 patients underwent a total of 3 operations and 3 
patients had 4 operations. These included conversion of 
a Billroth II to a Billroth I reconstruction, addition of a 
gastroenterostomy to the previous ulcer procedure, or an 
unknown postoperative laparotomy. In retrospect, it is 
likely that symptoms of gastric retention led to laparotomy 
in at least some of the patients. 

Table | lists the significant clinical findings in this group 
of 37 patients. Vomiting, to some degree, was present in 
84% of the patients but specific postprandial vomiting (at 
least once a day) occurred in 26 patients (70%). In view 
of their severe symptoms, most patients subtly altered 
their dietary intake to high carbohydrate liquids and 
semisolids so significant weight loss was present in only 
32% of the patients. All patients underwent frequent bar- 
ium upper GI examinations and gastroscopy and with the 
exception of bezoar formation, 84% were considered nor- 
mal. Six patients demonstrated severe gastric erosions 
under the bezoar following its dispersal. There were no 
marginal ulcerations and no evidence of mechanical ob- 
struction. In the group with bezoars, symptoms of nausea, 
vomiting, and abdominal pain persisted even after en- 
doscopic breakup of the bezoars and further medical ther- 
apy. All patients were considered medically intractable 
following long-term low-residue diets and treatment with 
bethanechol and metoclopramide. 

From 1979 through 1987, 27 patients underwent either 
subtotal or more extensive gastrectomy in order to relieve 
their symptoms of chronic gastric atony. During the early 
years, (1979 to 1982) patients underwent a 70% to 80% 
resection (STG), but due to early failures, the majority of 
patients in the later years underwent a more extensive 
(85% to 95%) gastric resection (EXT.G). Initially, we con- 
sidered this form of treatment to be experimental only 
and our concerns were that a very extensive gastric resec- 
tion would result in a high incidence of postgastrectomy 
dumping. With few exceptions, all anastomoses were per- 
formed using the GIA (US Surgical Corp., Norwalk, CT) 
stapling device. 

Ten patients who failed initial revisional therapy un- 
derwent subsequent near-total or total gastrectomy. The 
esophagojejunostomy was performed in a side-to-side 
manner using the GIA stapling device. A 50-cm Roux 
limb was used in all cases of revisional surgery. 
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TABLE 1. Clinical Findings in Patients with the Roux Syndrome 


Clinical Findings Number % 
Nausea 37 100 
Intermittent vomiting 31 84 
Postprandial vomiting—solids 26 70 
Abdominal pain 28 75 
Epigastric Fullness 37 100 
Weight loss 12 32 
Normal UGI/Endoscopy 31 84 
HX of Bezoars 25 68 
Failed Bethanechol/Metoclopramide RX 37 100 


The time interval between the original Roux-Y oper- 
ation and revisional surgery was 6 months to 4.5 years in 
36 of 37 patients. Follow-up in this series ranged from 1 
to 8 years. 

Radionuclide evaluation of solid-food gastric emptying 
was performed in 15 patients before operation and after 
operation using the technetium-99 egg method."' In ret- 
rospect, eight patients were considered to have had sub- 
total gastric resection and a more extensive gastrectomy 
was performed in seven patients. After an overnight fast, 
each patient was fed a poached egg into which 200 mi- 
crocuries of technetium sulfur colloid had been injected 
before cooking. The radionuclide was incorporated into 
the test meal as it was converted from the liquid to the 
solid phase during heating. All patients remained in the 
upright position in front of the gamma camera during 
data acquisition. Postoperative examinations were per- 
formed at least 4 months after revisional surgery. The 
results are expressed as percentage of gastric retention 
+ standard error of the mean (SEM) at each time interval 
with a normal value being less than 20% at two hours. 
The Student’s T-test for paired values was used for sta- 
tistical analysis. 

A modified Visick grading was used to subjectively 
evaluate clinical response. Visick 1 and 2 patients were 
considered to have an excellent-to-good response. Patients 
were downgraded to Visick 3 (fair response) if there was 
some degree of nausea, vomiting, or bezoar formation 
depite the fact that the patient believed that he had an 
overall improvement. Patients were graded Visick 4 (fail- 
ures) if they had significant and persistent nausea, vom- 
iting, abdominal pain, bezoar formation, or other con- 
ditions requiring further revisional surgery. 


Results 


Of the 37 patients who underwent further resection for 
the Roux Syndrome, clinical responses were graded ex- 
cellent-to-good in 20, fair in 7 and Visick 4 (fatlure) in 
10 of 37 patients (27%). Overall, 27 of 37 patients (73%) 
had a satisfactory clinical response and required no further 
surgery. The seven patients downgraded to the Visick 3 
(fair) group had some degree of persistent nausea, vom- 
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Fic. 1. Preoperative and postoperative technettum 99 radionuclide solid- 
food gastric emptying evaluation of 15 patients who underwent further 
gastric resection. 


iting, epigastric fullness, or abdominal pain. These pa- 
tients, however, were quite happy with their clinical re- 


sponse and felt that their lifestyle had dramatically im- | 


proved. Of the 10 patients who failed further gastric 
resection, 7 were in the subtotal group and 3 failed fol- 
lowing more extensive gastrectomy. In this group of 10 
patients 70% had almost complete resolution of their pre- 
operative symptoms of nausea, vomiting, and bezoar for- 
mation following completion total gastrectomy. Most re- 
sumed a relatively normal diet and, over a 6-month pe- 
riod, had an average weight gain of 15 Ibs. One patient 
(10%) was downgraded to a Visick 3 (fair) category due 
to intermittent postprandial abdominal pain without ev- 
idence of early vasomotor dumping. Three patients were 
considered failures following revisional total gastrectomy. 
One patient has severe postprandial abdominal pain and 
remains on narcotics. Two patients have significant early 
vasomotor dumping resistant to medical therapy with one 
patient on home hyperalimentation. Although completion 
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Fic. 2. Technetium 99 radionuclide solid-food gastric emptying test. 
Preoperative study in the entire group of 15 patients and postoperative 
results in 8 patients following 70% to 80% resection (STG) and 7 patients 
who underwent 85% to 95% resection (EXT.G). 
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gastrectomy resolves their postprandial nausea, vomiting, 
and bezoar formation, their new postgastrectomy symp- 
toms significantly alter their day-to-day lifestyles. Overall, 
73% of patients undergoing further gastric resection and 
70% of patients who underwent near-total or total gas- 
trectomy have had a dramatic improvement in their 
quality of life. 

In the 47 operations performed in 37 patients, there were 
no postoperative deaths and no anastomotic leaks. Major 
complications included one bile leak from the edge of the 
left lobe of the liver requiring.a second operation and one 
small bowel fistula that resolved with conservative therapy. 
There were three postoperative wound infections (6%). 

Fifteen patients underwent perioperative radionuclide 
evaluation of solid-food gastric emptying. Following fur- 
ther gastric resection, a mean preoperative two-hour gas- 
tric retention of 61% + 3.5% decreased to 25% + 4% 
(Fig.!). Figure 2 compares the preoperative gastric emp- 
tying response of the entire group to those patients un- 
dergoing either subtotal gastrectomy (70% to 80%) or more 
extensive gastric resection (85% to 95%). Following STG 
and EXT.G, the mean two-hour gastric retention was 38% 
+ 3% and 10% + 2.5%, respectively. Figures 3 and 4 dem- _ 
onstrate the individuals responses in the subtotal gastrec- 
tomy and more extensive gastrectomy groups. Following 
STG, three patients achieved a near-normal response and 
five patients improved but still remained abnormal. Fol- 
lowing more extensive gastric resection (EXT.G), two pa- 
tients had almost complete gastric emptving at 60 and 90 
minutes. The remaining five patients achieved a normal 
gastric emptying response at two hours. Of the 7 failures 
in the subtotal gastrectomy group, 3 were among the 8. 
patients undergoing radionuclide tests. There were no 
failures in the group of seven patients undergoing radio- 
nuclide tests following more extensive gastrectomy. Figure 
5 demonstrates the mean perioperative two-hour gastric 
retention in all patients compared to those undergoing 
either subtotal or more extensive gastric resection. Fol- 
lowing STG, a mean two-hour retention of 58% + 3% 
decreased to 38% + 3% (p < 0.05). Following EXT.G, a 
preoperative two-hour response of 65% + 4% significantly 
decreased to 10% + 2.5% (p < 0.005): 


Discussion 


The incidence of unfavorable results and significant 
gastric atony following Roux-Y diversion for alkaline re- 
flux gastritis varies widely in numerous reviews and're- 
mains a controversial subject. Whether the symptoms of 
nausea, vomiting, abdominal pain, and bezoar formation 
deserves the distinction of being called a syndrome re- . 
mains for future and more extensive reviews to evaluate. 
It is our impression, however, based in part on numerous 
clinical reviews, canine research, and documentation with 


‘radionuclide gastric emptying tests, that these symptoms 
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Fic. 3. Preoperative and postoperative radionuclide solid- food gastric 
emptying. Individual responses in eight patients who underwent 70% to 
80% gastric resection (STG). 


correlate to some degree with significant gastric retention 
following biliary diversion.4>>7?)!2!3 

Pellegrini et al.,’ in evaluating a group of patients un- 
dergoing biliary diversion fcr alkaline gastritis, noted a 
varied pattern of gastric emptying following the Roux 
procedure. They documented abnormal gastric emptying 


in at least 25% of their patients and interestingly in a _ 


subgroup of patients with postoperative symptoms 
suggestive of gastroparesis, only 30% had documented 
gastric retention. Hinder and associates? found that a pos- 
itive correlation between symptoms and radionuclide 
gastric retention was present only in those patients with 
severe vomiting at least once each day. Interestingly, they 
demonstrated that gastric emptying in Roux-Y patients 
with only occasional vomiting was similar to that in 
symptom- free Roux-Y patients. Others, however, have 
reported a more positive correlation between symptoms 
of gastroparesis and delayed gastric emptying even in those 
patients who noted significant improvement in bilious 
vomiting and the abdominal pain of alkaline gastritis.° 

In spite of the controversy surrounding the correlation 
of delayed gastric emptying and the symptoms of the Roux 
Syndrome, recent reviews have now advocated further 
revisional surgery and more extensive gastric resection in 
these individuals.®:!*-!> | 

The patients in this study formed a very homogeneous 
group. All suffered from the symptoms of severe post- 
Roux-Y gastric stasis. They were resistant to intensive 
medical therapy including low-residue diet and betha- 


nechol treatment and all had documented evidence of ° 


significant gastric retention using radionuclide-labeled 
solid meals. We found no correlation between the episodes 
per week or day of vomiting and the degree of gastric 
retention. We noted clinical improvement in many pa- 
tients following STG and a marked decrease in delayed 
gastric emptying, although most of these patients did not 
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Fic. 4. Preoperative and postoperative radionuclide solid- food gastric 
emptying. Individual responses in seven patients who underwent more 
extensive gastric resection (EXT.G). 


achieve a normal gastric response at two hours. In the 
review by Hinder et al., gastric emptying decreased to 
normal and symptoms of severe vomiting resolved in 18 
patients following extensive gastric resection leaving only 
a 50 ml to 75 ml gastric remnant.® Overall, however, our 
results in 37 patients were similar in terms of decreased 
delayed gastric emptying and resolution of Roux-Y 
symptoms in 73% of the patients. Of the 10 patients who 
failed revisional surgery, 7 underwent subtotal gastric re- 
section only and 3 patients were in the more extensive 
gastrectomy group. The size of the gastric remnant appears 
to correlate well with both the overall clinical response 
and normalization of gastric emptying. Karlstrom et al.) 
demonstrated that near-total gastrectomy yielded better 
results than subtotal gastrectomy in a group of patients 
undergoing surgical treatment for chronic gastric atony. 
Wittebol et al.!° demonstrated marked improvement in 
clinical symptoms and normalization of gastric emptying 
following reduction of the gastric remnant to approxi- 
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Fic. 5. The mean two-hour gastric retention of radionuclide-labeled solid 
food before operation and after operation in the entire group (N ; eq 15) 
in eight patients following subtotal gastrectomy and seven patients fol- 
lowing more extensive gastrectomy. 


760 
mately 10% in severely symptomatic patients following 
highly selective vagotomy and partial gastrectomy. In the 
present review, 3 of 20 patients who underwent more ex- 
tensive gastric resection required further revisional sur- 
gery. In retrospect, their gastric pouches were probably 
somewhat greater than 10%. There were no clinical failures 
and no documented abnormal gastric emptying in the 
seven patients in the EXT.G group who underwent peri- 
operative radionuclide gastric emptying tests. 


_ Of the 10 patients who failed initial further gastric re-_ 


section in our study and subsequently underwent total 
gastrectomy, 70% had a satisfactory clinical response fol- 
lowing removal of the gastric remnant. These results are 
similar to those reported by Eckhauser et al.'* that doc- 
ument a satisfactory clinical result in 86% of 15 patients 
undergoing completion gastrectomy for chronic gastric 
atony. In view of our 30% failure rate following comple- 
tion gastrectomy, we would recommend extensive resec- 
tion (90% to 95%) as the primary treatment for chronic 
gastric stasis. 

Post-Roux-Y patients with symptoms suggestive of 
gastroparesis are a difficult group to manage. As suggested 
by Pellegrini et al., these same symptoms are often noted 
in patients with post-Roux-Y rapid gastric emptying. We 
and others have observed that patients with rapid, solid 
or semi-solid gastric emptying may experience symptoms 
of nausea, epigastric fullness, and abdominal pain as part 
of the early vasomotor dumping syndrome.’®!’ Radio- 
nuclide gastric emptying of solids and liquids is mandatory 
before considering surgical therapy. We have found, how- 

ever, that if bezoar formation is added to the above symp- 
‘toms, objective delayed gastric emptying can usually be 
documented. — 

Medical treatment of post-Roux-Y gastric stasis is less 
than satisfactory. We have documented the effectiveness 
of parenteral and oral bethanechol in patients as well as 
an experimental Roux-Y delayed gastric emptying 
model.’* Objectively, parenteral or oral bethanechol is 

effective in decreasing gastric retention of a radionuclide- 
labeled solid meal. In our experience, only approximately 


30% of patients will respond to oral bethanechol on a` 


chronic outpatient basis. In our practice, metoclopramide 
has proved ineffective in both the experimental model 
and clinical trials. Similarly, we have had no success in a 
small number of patients treated with the new prokinetic 
agent cissapride. | 

The etiology of post-Roux-Y gastric stasis remains un- 
clear. Transection of the jejunum in forming the Roux 
limb bypasses the duodenal pacemaker and may create a 
somewhat flaccid and atonic limb of bowel.'? More recent 
studies have documented abnormal motility patterns in 
the Roux limb and suggested that numerous previous op- 
erations combined with Roux limb dysmotility might 
contribute to chronic Roux-Y symptoms.!””° Perino et 
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al., demonstrated both rapid and slow Roux limb emp- 
tying but felt that there was no correlation between the 
patient’s symptoms and the Roux-Y limb half-emptying 
time. 

Several methods have been proposed to treat patients 
with alkaline reflux gastritis without creation of a Roux 
limb. Exclusion jejunoduodenostomy, a variation of gas- 
troenterostomy, Braun enteroenterostomy, and stapling 
of the efferent limb, as reported by Stiegmann and Goff” 
and the “duodenal switch” procedure reported by 
DeMeester et al.?? are non-Roux procedures recom- 
mended for alkaline reflux gastritis. The Tanner 19 pro- 
cedure, although a variation of Roux limb reconstruction, 
has been reported with no evidence of delayed gastric 
emptying.” Perhaps gastric emptying into both the effer- 
ent and afferent limbs speeds gastric emptying. 

Despite more critical evaluation of patients with sus- 
pected alkaline gastritis, the increasing use of parietal cell 
vagotomy without pyloroplasty and future prokinetic 


= agents to facilitate gastric emptying, many patients who 


previously underwent a Roux-Y procedure will now be 


identified as having severe symptoms of gastroparesis and 


documented gastric retention. Following an appropriate 
time interval and intensive medical therapy, extensive 
gastric resection with Roux-Y reconstruction offers the 
best chance for clinical improvement and restoration of 
a normal dietary lifestyle in selected patients. 
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DISCUSSION 


Dr. J. LYNWOOD HERRINGTON, JR. (Nashville, Tennessee): In the 
early 1970s we were aware of the problem of gastric remnant stasis oc- 
curring after Roux-en-Y diversion in the absence of any organic obstruc- 
tion and we encountered patients who had undergone repeated attempts 
to correct this stasis by limited gastric re-resection and multiple alterations 
of the Roux-en-Y gastrojejunostomy. 

During this period postoperative alkaline reflux gastritis following a 
truncal vagotomy and a modest distal gastric resection and a Billroth H 
reconstruction and at times, a Billroth I, with surgical correction by 
Roux-en-Y diversion was a frequent topic for discussion in the surgical 
literature. We began seeing some patients at this time, a rather small 
number of patients, who, after a Roux-en-Y diversion, were relieved of 
the symptoms of reflux and were relieved of the gastric mucosal changes 
produced by reflux but were continvally plagued by abdominal fullness 
and were unable to adequately evacuate the gastric remnant. These find- 
ings were observed on our service before the wide-spread use of isotope- 
labeled emptying studies and before the barium food meal was widely 
used. In other words, some patients with alkaline reflux after vagotomy. 
a distal gastric resection, and B-I cr B-II presented with two distinct 
problems, alkaline reflux and gastric dysmotility disturbances probably 
due to atony of the gastric remnant itself along with the effect of the 
vagotomy. 

We learned the hard way that an extensive resection of the stomach 
combined with a Roux-en-Y diversion was necessary in this small group 
of patients to alleviate these two distinct protlems. 

I firmly believe that the gastric rer_nant dysmotility and the vagotomy 


effect both play a dominant role in producing the stasis and not so much - 


the Roux-en-Y reconstruction itsel, but it may to some extent be a 
culprit. This finding has been confirmed to some extent in the surgical 
laboratories at Vanderbilt at the present time. 

During the past 12 years we have operated on 31 patients with stasis. 
most of them having been operated on elsewhere and having received a 
Roux-en-Y reconstruction for alkaline reflux occurring after vagotomy. 
a modest resection, and usually a Billroth I]. We have converted these 
patients, Dr. Woodward, to a near-iotal or to a total gastrectomy with 
improvement in 75% to 80% of them. 

Among the 31 patients. a smaller number had initially undergone 
truncal vagotomy-distal resection ard either a Billroth II or a Billroth | 
for duodenal ulcer. They presented to us with both reflux and gastric 
stasis and were treated with extensive re-resection or total gastrectomy 
with Roux-en-Y diversion. 

(Slide) This is an x-ray of a patient who initially had a truncal vagot- 
omy/antrectomy and a Billroth II zeconstrustion for duodenal ulcer. 
The patient later developed documented severe reflux gastritis and alse 
had a marked gastric emptying problem. Unfortunately, the emptying 
problem was not appreciated by his sirgeon. The patient then underwent 
a Roux-en-Y reconstruction and his symptoms of reflux were corrected, 
but he continued to have stasis as shown by this contrast study. We then 
reoperated on the patient and converted him to a near- total gastrectomy. 
(Slide) Here you see the very small gestric remnant empties quite readily 
and the patient has been relieved of all symptoms of stasis. | 
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(Slide) This is a barium study of a patient who underwent a truncal 
vagotomy/antrectomy and a Billroth I reconstruction for duodenal ulcer. 
He developed reflux gastritis documented by appropriate studies, In ad- 
dition, he also had epigastric fullness, nausea, and vomiting, and we 
suspected that he also had a stasis problem. With a normal barium GI 
study, however, we were unable to document any stasis whatsoever. (Slide) 
When a barium food meal was given, however, marked stasts was noted 
in the gastric remnant and here you see the marked amount of media 
retention after 3.5 hours. (Slide) In this same patient we did an isotope- 
labeled emptying study and also noted the marked delay in emptying of 
solid material. A 

(Slide) We then treated this patient with a near-total gastrectomy; here 
you see he empties the media quite well and has been relieved of all 
symptems. 

(Slide) This is another contrast study of a patient who had previously 
undergone nine re-resections of the stomach remnant along with multiple 
alterations of the Roux-en-Y diversion. She continued to demonstrate 
stasis. At the tenth operation we did a total gastrectomy. It has now been 
7 years and the patient is doing quite well and is asymptomatic and ‘has 


gained weight after the total gastrectomy. 


(Slide) We had only one patient in our group who originally underwent 
truncal vagotomy and a pyloroplasty for duodenal ulcer and later de- 


_veloped marked reflux gastritis. The patient also had marked stasis as 


you see here with the barium food meal study, and we likewise treated 
this patient with a near-total gastrectomy with a good result. 

I personally feel that the Roux-en-Y diversion itself probably does to 
some extent interfere with the gastric remnant emptying, but here again, 
our studies and the Vanderbilt data thus far really show that the gastric 
remnant itself and the effect of the vagotomy probably play a major part, 

Again, I enjoyed this paper, and I would like to ask Dr. Woodward if 
you have documented delayed emptying in the Roux-en-Y segment using 
isotope labeling studies. Also, in the three failures that you report after 
total gastrectomy and Roux-en-Y diversion, did these three patients 
demonstrate stasis in the Roux limb? 


Dr. WALLACE P. RITCHIE, JR. (Philadelphia, Pennsylvania): When 
Drs. Woodward and Vogel rise to speak on the problem of gastroparesis 
following Roux-Y gastrojeyunostomy, all general surgeons should pay 
strict and careful attention. Although they did not invent the disease— 
I once accused them of doing so; I now publicly admit my error and 
apologize—they were among the first to describe it accurately and have 
been exceptionally diligent in their efforts to dissect its pathophysiology 
and to define an effective treatment. The problem of gastroparesis fol- 
lowing Roux-Y reconstruction and following primary operations for 
peptic ulcer disease has been a subject of considerable recent interest. In 
March of 1988, Hiram (Polk) caused to be published in the American 
Journal of Surgery a paper from the Mayo Clinic in which the authors 
reviewed 187 patients reconstructed as a Roux for “alkaline reflux gas- 
tritis” and they found that more than 30% developed symptoms com- 
patible with gastric stasis. The principle thrust of that paper was to define 
the factors responsible. They concluded that the length of the Roux limb 
may be critical; i.e., the longer the Roux, the more likely patients were 
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to develop the Roux syndrome. At the Annual Meeting of the Central 
Surgical Association, the group from Creighton University reviewed their 
experience with 47 patients reconstructed as a Roux and they found that 
18 of the patients had significant dnd symptomatic gastroparesis. Their 
approach to the problem was exactly the same as that described by Drs. 
Woodward and Vogel, and their results were at least as good. Finally, at 
the Annual Meeting of the American Surgical Association, the group 
from Michigan reviewed 15 patients with what they called the postsurgical 
gastroparesis syndrome (many of their patients had had Rouxs, but others 
developed gastroparesis following primary operations for peptic ulcer), 
adopted the same approach as described by Drs. Woodward and Vogel 
here this morning, and also reported good results. 

Our own experience has been very much smaller than that of the 
Florida group and, while most patients with gastroparesis had had a 
Roux previously, several were discovered to have gastroparesis following 
primary operations for peptic ulcer, primarily vagotomy and antrectomy, 
and a few had thoroughly documented excessive enterogastric reflux and 
associated significant delays in gastric emptying of solids. We have made 
some observations in this group of patients who may be of interest to 
the members of the Association and about whom, perhaps, Drs. Woad- 
ward and Vogel would like to comment. First, there is a definite “fe- 
maleness” to this problem. Of 133 afflicted patients in the literature 
whose sex is known, fully 74 are women, This is clearly not like the male- 
to-female ratio one would expect if the complications that lead to the 
problem were distributed evenly amongst all patients operated on for 
peptic ulcer because, in that circumstance, male patients would clearly 
. predominate. Our own approach to treatment in these patients was exactly 
as was described by the Florida group. For the group as a whole, prior 
to re-resection, the half-time of gastric emptying of solids (delay in liquid 
emptying plays no role in this syndrome) was 147 + 37 minutes; after 
the operation it was 68 + 15 minutes. We believe there is a rough cor- 
relation between a good result and the degree to which gastric emptying 
of solids is hastened in that all of our Vistek I and Visick II patients had 
postoperative half-times of gastric emptying of solids of less than 80 
minutes. 

It is our impression that those patients operated on because of doc- 
umented reflux gastritis and stasis do best, those operated on following 
primary procedures for peptic ulcer fare the worst, and patients with 
Roux stasis fall in between. 

A third observation is that those patients who have a less-than-salutory 
outcome because of delayed emptying of greater than 80 minutes seem 
to respond to the newest prokinetic agent, Cisapride, whereas they were 
all refractory preresection. Finally, it is my impression that those patients 
with a poor result continue to be addicted to pain medication, most 
commonly those drugs that contain large amounts of codeine. 

I have three brief questions for Drs. Woodward and Vogel. First, could 
you tell us what your current concept is concerning the pathophysiology 
of this syndrome? This seems of some importance relative to the second 
question which is: why does the operation you propose work? Finally, 
and most importantly, can you provide us with any predicters of which 
patients are most likely to develop the Roux Syndrome given that they 
need diversion of upper intestinal content away from the residual gastric 
pouch? This is, I think, a critical question. This is purely an iatrogenic 
illness. I myself take no great personal surgical pride in the fact that some 
of my patients enter the hospital with a little erythema and friability of 
the gastric mucosa and go home with no gastric mucosa at all. 


DR. JAMES C. THOMPSON (Galveston, Texas): I think that Dr. Wood- 
ward and Dr. Vogel have told us how to solve a vexing problem. I am 
convinced that the way to handle trouble with gastric emptying is to get 
rid of the stomach. If you do a total gastrectomy, there is no problem 
with gastric emptying. That is what Ed Woodward showed us. 

What troubles me is that I have a great suspicion about the validity 
of the diagnosis for which these people were operated on, namely, alkaline 
reflux gastritis. I have suggested that for many patients this is some kind 
of diagnostic fad, and before that fad was around, we looked on these 
people as just troublesome patients. We tried to find somebody to refer 
them to or we treated them conservatively. 

The worst thing, it seems to me, is to reoperate cn a patient who is a 
failure from a previous gastric operation, because there is a distinct law 
of diminishing returns. 
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This is an absolutely iatrogenic disease. If you never do a Roux-Y 
op2ration for alkaline reflux gastritis, you will never be tried by these 
troubles, and that is a fact. 

I don’t think you ought to do a Roux-Y operation to the stomach. I 
think that a high percentage of those people will get into trouble. 

Now, you ask, what are you going to do with all those people? I don’t 
know what to do, but I know what not to do, and that is to do a Roux- 
Y operation on them. Just figure out something else to do. Send them 
somewhere. Give them Pepto-Bismol. 

I think that ifan operation doesn’t work, multiple trials of conservative 


- therapy should be attempted, and then if you are absolutely pushed to 


the wall, do a total gastrectomy with a Roux-Y reconstruction. The patient 
will smile at you and send you a Christmas present. 


Dr. HIRAM C. POLK, JR. (Louisville, Kentucky): Dr. Vogel, I want 
to restate Dr. Thompson’s thesis because I really think that the critical 
experiment has not been done in bile reflux gastritis, and that is to see 
how often those same changes exist in the stomach of patients who are 
entirely asymptomatic. I think that we have created a surgical compli- 


` cation here that you have described with significant rates of morbidity, 


relatively high frequency, and I wonder what the primary disease was in 
the first place. f 

Is there bile stasis, or is there reflux, and are they both the same? I 
think it would be better to go back and look at the primary disease before 
we create a house of cards predicated on correcting an operation that 
may have had unsound indications to start with. 


Dr. STEPHEN B. VOGEL (Closing discussion): I wish to thank the 
discussants for their comments and especially for the contributions many 
of them have made to this field of postgastrectomy problems. 

Concerning the diagnosis of alkaline reflux gastritis, although numerous 
provocative tests for bile reflux have been documented, it appears to be 
a diagnosis of exclusion, Certainly there are many patients with bile in 
their stomachs who are asymptomatic, just as there are patients with 
objective delayed gastric emptying who are similarly asymptomatic. In 
the patient, however, with severe, burning, upper-abdominal pain, copious 
bile in the stomach, and often histological evidence of severe gastritis, 
we and others have diagnosed the condition of alkaline reflux gastritis. 
Although much attention has been given to post- Roux-Y delayed gastric 
emptying, at least 70% to 80% of patients have noted marked improve- 
ment in the burning abdominal pain, even those who developed early 
or late symptoms of delayed gastric emptying. Unfortunately, however, 
many patients who have been referred to us underwent Roux diversion 
early in the postoperative period following an operation for peptic ulcer 
disease when early gastric atony and bilious vomiting was the problem. 
A high percentage of these patients subsequently became gastric “cripples” 
with significant gastric retention. 

Although retrospectively some patients with post- Roux-Y gastric stasis 
appear to have had significant gastric retention before their operation, 
it is difficult to say whether this correlation is a direct one. We have 
demonstrated significant gastric retention following the Roux-Y proce- 
dure in patients who have had either normal or rapid gastric emptying 
before operation and have even used the Roux procedure to treat med- 
ically resistant postgastrectomy dumping. Slide 1 Gemonstrates gastric 
emptying in a patient with a Billroth II gastrectomy and the clinical 
diagnosis of alkaline gastritis. Following Roux-Y diversion, significant 
gastric retention is noted even up to five hours after ingestion of the test 
meal. In this particular case, the Billroth II anastomosis was converted 
to a Roux-Y by transecting the afferent limb with the GIA stapling device. 
No further gastric resection or revision of the anastomosis was performed. 
Even under these circumstances, the outcome was clinically severe gastric 
retention. Our impression has been, however, that patients with pre- 
operative delayed gastric emptying have a higher incidence of post- Roux- 
Y gastric stasis. Others, however, have demonstrated no correlation be- 
tween pre- Roux-Y gastric emptying and postoperative gastric retention. 
In spite of the controversy surrounding post- Roux-Y delayed gastric 
emptying, most agree that regardless of preoperative gastric emptying, 
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at least 30% to 40% of patients will demonstrate significant symptoms 
of gastric retention in the postoperétive period. In recent years, and in 
patients with combined delayed gestric emptying and alkaline reflux 
gastritis, we have performed Roux-Y subtotal gastrectomy in an attempt 
to prevent anticipated gastric retention in at least some percentage of 
the patients. 

The etiology of the Roux Syndrome remézins unclear at the present 
time. Certainly, Roux-Y diversion creates ar. isolated limb of jejunum 
out of gastrointestinal continuity ard bypassing the so-called duodenal 
pacemaker. A somewhat flacid and atonic Roux limb may thus inhibit 
gastric emptying. Recent observations of electrical disturbances and dys- 
motility in the Roux limb may alsc contribute to the gastric retention 
problem. Narcotic dependence in some patents has certainly been a 
problem and may obviously contrihute to gastroparesis and slowing of 
the entire GI tract. Concerning the medical treatment of post-Roux-y¥ 
gastric stasis, we have had limited success using bethanechol in approx- 
imately 30% to 40% of Roux-Y pacients referred to us, but in a small 
study we have had no success with the new pzokinetic agent Cissapride. 
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Concerning the basis for the presently described operation of extensive 
gastrectomy—removing most of the atonic gastric pouch appears to fa- 
cilitate gastric emptying and using the original Roux limb to establish 
continuity appears to prevent anticipated dumping in these patients with 
a small gastric pouch. It is intriguing, however, that in the small group 
of patients who underwent complete and total gastrectomy, several pa- 
tients went from significant gastric retention to severe dumping syndrome. 
With this in mind, we would advise that patients with medically resistant 
post- Roux-Y gastric retention undergo a very extensive gastric resection, 
leaving a small gastric pouch as remedial therapy for their clinical syn- 
drome. 

Finally, in answer to Dr. Herrington’s question, we have identified no 
Roux stasis in those patients who failed following total gastrectomy. Of 
the three failures, two had significant postgastrectomy dumping. Although 
we have objectively identified Roux limb stasis both experimentally and 
clinically, it is certainly in the minority of patients. Most patients will 
have significant delayed gastric emptying but a small number of patients 
can be identified with stasis of the radionuclide meal in the Roux limb. 
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We have reviewed eight cases of Crohn’s disease associated car- 
cinoma (CDAC) of the bowel treated at Saint Barnabas Medical 
Center since 1977. Five patients had colorectal carcinoma in 
areas of dysplasia within histologically recognizable Crohn’s 
disease. One of the large bowel carcinomas was a diffusely in- 
filtrating signet ring adenocarcinoma (linitis plastica), three were 
mucinous carcinomas, and one contained both cell types. Survival 
ranged from 4 to 55 months. i 

Three patients developed ileal carcinomas in areas of dysplasia 
within histologically recognizable Crohn’s disease. One of the 
ileal cancers was a moderately differentiated adenocarcinoma; 
two were poorly differentiated adenocarcinomas. Survival ranged 
from 8 to 44 months. 

The dysplastic changes seen in the bowel adjacent to the tu- 
mors in these patients were identical to the characteristic pre- 
cancerous (dysplastic) changes well described in ulcerative colitis. 
The histopathologic changes seen in this high-risk group of pa- 
tients are also similar to those of previously reported CDAC. 
Those patients with the more diffuse dysplastic changes might 
have been detected before the development of invasive cancer 
had they undergone periodic colonoscopic surveillance. One pa- 
tient in the series with an asymptomatic lesion was, in fact, iden- 
tified at surveillance colonoscopy. It would appear that Crohn’s 
disease patients have a similar risk for carcinoma previously 


recognized in ulcerative colitis patients and that surveillance . 


protocols should be developed for this group of patients. 


HILE THERE APPEARS TO BE little doubt that 

Crohn’s disease predisposes to gastrointestinal 

cancer, it has been difficult to accurately assess 

this risk for several reasons. Crohn’s disease is a relatively 
new entity in the history of medicine, and the use of biop- 
sies for the effective histopathologic differentiation be- 
tween Crohn’s colitis and ulcerative colitis has only been 
possible for about two decades. It is very likely that in the 
past many patients with Crohn’s colitis had been clinically 
as well as pathologically diagnosed as having ulcerative 


Presented at the 100th Annual Meeting of The Scuthern Surgical As- 
sociation, Boca Raton, Florida, December 5~7, 1988. ` 

Correspondence and reprint requests: Francis C. Nance, M.D., Chair- 
man, Department of Surgery, Saint Barnabas Medical Center, Livingston, 
N.J. 07039-5601. 


From the Departments of Surgery and Pathology, Saint 
Barnabas Medical Center, Livingston, New Jersey 


colitis. The lack of biopsy-proved differentiation between 
the twc similar diseases may have been responsible for 
the relative absence of prospective studies on the natural 
course of Crohn’s disease, 

In this paper, the history, pathology, and postoperative 
course of eight previously unreported cases of Crohn’s 
disease-associated carcinomas (CDAC) of the small and 
large bcwel were reviewed in an effort to determine which 
patients are at highest risk for malignant degeneration 
and to 2stablish an effective surveillance program for in- 
dividuals at risk. 


Materials and Methods 


We examined the records and pathologic material of 
eight patients operated on at Saint Barnabas Medical 
Center since 1976 who had histopathologically proved 
Crohn’s disease and carcinoma in their operative speci- 
mens (Table 1). The diagnosis of Crohn’s disease was 
made using the widely accepted pathologic criteria.! All 
patients were followed by the Saint Barnabas Medical 
Center Tumor Registry, through contact with the patients, 
and query of the patients’ private physicians. The date of 
onset of Crohn’s disease in each patient was determined 
as the <ime their physician initially diagnosed them as 
having ileitis, ulcerative colitis, or Crohn’s disease. Dys- 
plasia was determined by applying the criteria of the In- 
flammétory Bowel Disease Dysplasia Morphology Study 
Group.’ 


Cases Reports 


Patien- 1 was a 58-year-old man who developed symptoms of regional 
ileitis 5 months before admission. Laparotomy at another hospital | 
month before admission revealed findings (e.g. “fat wrapping”) char- 
acteristic of Crohn’s enteritis. No resection was done at that time. On 
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TABLE 1. Summary of Our Cases 


i 


Crohn’s Primary Lymph 
Onset of Age Cancer Duration Cancer Nodes Additional Postop 
Patient Crohn’s Detected Preop Location Cancer Cell Type Involved Dysplasia Treatment Survival 
l 58 yrs. 58 yrs. 4 mos. Ileum Poorly 0/10 High Grade None 15 mos. 
differentiated 
adenocarcinoma 
2 27 yrs. 75 yrs. 48 yrs. Ileum Moderately 0/11 High Grade Chemotherapy 8 mos. 
differentiated 
adenocarcinoma 
3 27 yrs. 79 yrs. 1 mo. Ileum Poorly 1/12 High Grade None 44 mos. 
differentiated 
adenocarcinoma 
4 16 yrs. 37 yrs. 21 yrs. Right colon Mucinous 4/56 High Grade Chemotherapy 22 mos. 
5 22 yrs. 49 yrs. 27 yrs. Rectum Signet ring 19/21 High Grade Radiation and 12 mos. 
Adenomatous chemotherapy 
6 9 yrs. 26 yrs. 17 yrs. Appendix Mucinous and 7/87 High Grade Chemotherapy 4 mos. 
signet ring 
7 N/A 54 yrs. None Rectum Mucinous 0/18 High Grade Radiation 55 mos. 
Adenomatous 
8 31 yrs. 72 yrs. 41 yrs. Splenic Mucinous 0/33 High Grade None Alive at 
Flexure 6 mos. 
NED 





this first admission to SBMC, removal of the terminal ileum was per- 
formed for bowel obstruction. A 2-cm poorly differentiated adenocar- 
cinoma, arising at the base of a “villous adenoma” in the terminal ileum, 
with extension to the serosal surface was found. The remainder of the 
specimen showed typical changes of advanced ileal Crohn’s disease. Be- 
cause of this unexpected finding, a wider resection of mesentery, ileum, 
and right colon was performed 2 weeks later. None of ten lymph nodes 
was positive for tumor. No further carcinoma was found. It was noted 
that the terminal ileum contained focal areas of high-grade dysplasia 
adjacent to the adenocarcinoma-containing “polyp”. The foci of dysplasia 
had a prominent villous configuration that was responsible for the des- 
ignation of “villous adenoma” (Figs. 1 and 2). No adjuvant therapy was 
used. The patient died 15 months after operation of diffuse carcinoma. 

Patient 2 was a 75-year-old man admitted because of a distai small 
bowel obstruction. Forty-eight years before he had 122 cm of distal ileum 
removed for obstruction. Since that time, he had reported occasional 
episodes of crampy abdominal pain, each of which resolved spontaneously 
within two days. At operation, the terminal ileum and right colon were 
removed. Moderately differentiated adenocarcinoma of the terminal 
ileum invading the entire bowel wall was found. At least one liver me- 
tastasis was present. In addition to the invasive cancer, there were multiple 
areas of dysplasia and intramucosal carcinoma in the ileum superimposed 
on a background of active Crohn’s disease. None of 11 lymph nodes 
was positive for tumor. He received CCNU and 5-FU chemotherapy. 
The patient died 8 months after operation with diffuse metastatic disease. 

Patient 3 was a 79-year-old woman who was admitted for fever, diar- 
rhea, and a palpable mass in the right lower quadrant. She had been 
diagnosed | month before as having regional ileitis on the basis of symp- 
toms and barium studies. The distal ileum and right colon were resected. 
Poorly differentiated adenocarcinoma of the ileum invading through the 
entire bowel wall was present. It was noted that there were multiple areas 
of dysplasia and intramucosal carcinoma in the ileum superimposed on 
a background of active and advanced Crohn’s disease. Of interest was 
the gross recognition of multiple polypoid, villiform elevations of mucosa 
in the gross specimen that corresponded with microscopic areas of high- 
grade dysplasia (Figs.3 and 4). One of 12 mesenteric lymph nodes con- 
tained tumor, Two years later an exploratory laparotomy was performed, 
and a 10-cm mesenteric mass consisting of metastatic tumor was resected. 


The patient received no adjuvant therapy and died 44 months after her 
initial resection with diffuse metastatic disease. 

Patient 4 was a 37-year-old woman with a 21-year history of Crohn’s 
colitis who was admitted for peritoneal signs, partial obstruction, and 
perforated viscus. She underwent a subtotal colectomy, Hartmann’s 
pouch, and ileostomy. Mucinous adenocarcinoma of the proximal as- 
cending colon arising from dysplastic colonic mucosa superimposed upon 
active Crohn’s disease was found (Figs. 5 and 6). There was a metastasis 
to the appendix that had perforated. Four of 56 lymph nodes were positive 
for tumor. She received postoperative chemotherapy. Eight months after 
operation she returned with diffuse pelvic metastasis. She died after 22 
months with metastatic disease. 

Patient 5 was a 49-year-old man with a 27-year history of Crohn’s 
ileitis and colitis who was diagnosed as having a benign rectal stricture 
since age 32 years. He was largely asymptomatic until several weeks 
before admission, when he noted diarrheal stools and partial bowel in- 
continence. Rectal biopsy of the stricture revealed poorly differentiated 
carcinoma. The biopsy included an area of adenomatous dysplasia his- 
tologically indistinguishable from a colonic adenoma (Fig.7). Barium 
studies revealed near-total obstructions at the terminal ileum and rectum. 
He received preoperative radiation and then underwent an en-bloc ab- 
dominal perineal resection of the sigmoid, rectum, anus, and prostate 
(Fig.8). A resection of the distal ileum and right colon was also performed. 
On microscopic examination, over 15 cm of diffusely infiltrating signet 
ring adenocarcinoma (linitis plastica) involved the rectum with multiple 
sites of mucosal involvement and mucosal inflammation (Fig.9). The 
terminal ileum was markedly fibrotic with typical inactive Crohn’s disease. 
Nineteen of 21 lymph nodes were positive for tumor. He received post- 
operative radiation therapy and chemotherapy, but died 12 months later 
of metastatic disease. 

Patient 6 was a 26-year-old woman with a 17-year history of Crohn’s 
colitis. She had been asymptomatic for the past 7 years. She was admitted 
for weight loss, abdominal cramps, diarrhea, and a right lower quadrant 
abdominal mass. Random biopsies of the left colon showed changes 
consistent with quiescent Crohn’s disease. Biopsies of the right colon 
showed marked epithelial dysplasia. A subtotal colectomy with ileostomy 
was performed. A combined signet ring and mucinous poorly differen- 
tiated adenocarcinoma invading the full thickness of the appendiceal 
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FIG. 1. Patient 1. Low-power photomicrograph of area of high-grade ileal 
dysplasia with villous pattern. Invasive adenocarcinoma was present deep 
to dysplastic mucosa. (Hematoxylin and Eosin X 130.) 


wall and involving the mucosa of the cecum at the appendiceal base was 
found. Seven of 87 lymph nodes were positive for tumor. Chronic active 
Crohn’s disease was present in the terminal ileum and right colon. The 
patient received postoperative chemotherapy but died after 4 months of 
diffuse metastatic disease. 

Patient 7 was a 54-year-old woman with no antecedent history of 
inflammatory bowel disease who presented with a 3-month history of 
rectal bleeding and a three-week history of diarrhea and narrow stools. 
A mid-rectal polyp with intramucosal carcinoma was found as was an 
annular carcinoma of the rectosigmoid junction. Preoperative radiation 
was given prior to performance of a left hemicolectomy with removal 
of the proximal two thirds of the rectum. An end colostomy was fashioned 
and the rectal stump was oversewn. Typical changes of chronic active 
Crohn’s disease with multiple areas of high-grade adenomatous dysplasia 
were noted in the portion of large bowel excised. Mucinous moderately 
differentiated adenocarcinoma extending to the muscularis was found 
at the rectosigmoid junction. None of 18 lymph nodes were positive for 
tumor. Postoperative radiation therapy was given. The patient died 55 
months after surgery from recurrent carcinoma. 

Patient 8 is a 72-year-old woman with a 41-year history of Crohn’s 
colitis managed intermittently with Prednisone and Sulfasalidine. A sur- 
veillance colonoscopy done before admission revealed Crohn’s disease 
and a carcinoma of the splenic flexure. Hypertension, well controlled 
by medications, was noted. A subtotal colectomy with ileoproctostomy 
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was performed. Recovery was uneventful except for a brief episode of 
gastric bleeding that responded to H, blockers and antacids. The tumor 
was a 2.5-cm mucinous adenocarcinoma extending through the mus- 
cularis propria but not beyond subserosal fat. High-grade dysplasia was 
noted in the bowel adjacent to and overlying the tumor. She is now well, 
no longer takes steroids, and demonstrates no evidence of postoperative 
recurrence at 6 months. 


Discussion 


Clinical Characteristics of Crohn’s Disease-Associated 
Cancer (CDAC) 


A literature review suggests the average age at the time 
of diagnosis of CDAC to be 49 years*; and a national 
survey of gastroenterologists* found the average age to be 
46 years. This is 10 to 15 years younger than the average 
age for sporadically occurring bowel cancers. In the present 
series, the average age of diagnosis was 56 years. The av- 
erage time from onset of Crohn’s disease to the diagnosis 
of carcinoma has been reported to be 16 years.* Rate of 





dysplasia of ileum. Note marked cellular pleomorphism, nuclear hyper- 
chromasia, loss of polarity, and nuclear stratification. (Hematoxylin and 
Eosin X 335.) 
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Fic. 3. Patient 3. Gross photograph of mucosal aspect of thickened ileal segment adjacent to invasive adenocarcinoma. Note prominent polypoid 


elevations of mucosa. 


mortality from CDAC is over 80% in 2 years compared 
with a 50% 2-year mortality rate from cancer in ulcerative 
colitis.° In 30% of patients with CDAC, the diagnosis was 
made contemporaneously with the diagnosis of Crohn’s 
disease. CDAC has been noted to be multicentric in 20% 
of the cases.**® The clinical characteristics of our series 
seem representative (Table 2). 


Defining the Risk 


Much of the literature on Crohn’s disease and its re- 
lationship to carcinoma has segregated small and large 
bowel cancers instead of treating them as a potential final 
pathway of the inflammatory process inherent to Crohn’s 
disease. The low prevalence of Crohn’s disease, between 
9 and 32 per 100,000 people,”''' noted in early epide- 
miologic studies must explain the limited amount of data 
available. More recently, it has been noted that the prev- 
alence of Crohn’s disease is rapidly increasing.'? The in- 
crease may reflect a true rise in the prevalence of the dis- 
ease, the inclusion of nonhospitalized patients in statistics, 


a greater awareness of the disease by clinicians and pa- 
thologists, or a combination of these factors. 

Several difficulties arise when trying to accurately assess 
the risk of carcinoma in CDAC. Over 50% of the small 
bowel carcinomas in resected Crohn’s diseased segments 
were unsuspected and incidentally found by the pathol- 
ogist on sectioning.'*:'* This may indicate that a significant 
percentage of small and intramucosal Crohn’s-associated 
small bowel carcinomas are overlooked. Over 50% of ileitis 
patients come to surgical resection,'” and closely spaced 
serial sectioning of their specimens is rarely performed.'® 
In addition, approximately 30% of the reported small 
bowel carcinomas in Crohn’s disease occurred in patients 
who have bypassed loops.'* These patients represent only 
a small percentage of surgically treated ileitis patients, 
most of whom have been managed by resection. It is pos- 
sible that in resected patients, the excision removes small 
or intramucosal carcinomas. In CDAC of the large bowel, 
confusion with ulcerative colitis may well have resulted 
in an underestimation of the risk of carcinoma in Crohn’s 
disease. The above difficulties not withstanding, the risk 
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FIG. 4. Patient 3. Low-power photomicrograph of polypoid mucosa il- 
lustrated in Figure 3. Dysplastic surface shows prominent villiform con- 
figuration reminiscent of a villous adenoma. (Hematoxylin and Eosin 
X 53.) 


of small and large bowel cancer in Crohn’s disease is 
markedly elevated (Table 3). 

The risk of colorectal cancer in the subset of Crohn’s 
patients with colonic involvement is even higher (Table 4). 


Pathology of Dysplasia and Crohn’s 
Disease-Associated Carcinoma 


The occurrence of adenocarcinoma and its association 
with dysplasia in patients with ulcerative colitis has been 





Ann. Surg. * June 1989 


TABLE 2. Clinical Characteristics of Crohn’s 
Disease-Associated Cancers 








Characteristics Literature Present Series 

Age at cancer diagnosis 49 years 56 years 
Duration of Crohn’s disease 

before cancer 16 years 19 years 
2-year mortality 82% 71%* 
Contemporaneous diagnosis of 

Crohn’s disease and cancer 30% 38% 
Multicentricity of carcinoma 20% 25% 





Patient 8 excluded (less than 2 years after operation). 


well established. The Inflammatory Bowel Disease Dys- 
plasia Morphology Study Group organized by Riddell and 
Yardley? standardized the terminology and proposed a 
grading system for dysplasia. In their classification, dys- 
plasia is described as “unequivocal neoplastic epithelial 
proliferation. It may be non-invasive (i.e., benign), but it 
also may be or may have the potential for becoming in- 
vasive. Not all features are necessarily present to the same 
degree in all dysplastic epithelia. Low-grade dysplasia has 
these changes in lesser intensity. High-grade dysplasia has 
these changes in greater intensity and includes carcinoma 
in situ.”” It is through this standardized grading system 
that potential clinical applications exist. 

Histologic features that characterize dysplasia may be 
both architectural and cytological. Architecturally, the 
pattern may mimic the appearance of an adenoma in pa- 
tients without inflammatory bowel disease (Fig.7) and a 
villiform configuration is common (Figs. | and 4). The 
villiform lesions may occasionally also be recognized 
grossly as mucosal elevations (Fig.3). Cytologically, dys- 
plasia is characterized by cellular pleomorphism, nuclear 
hyperchromasia, loss of polarity, and nuclear stratification 
(Figs. 2 and 5B). 

The dysplasia seen in this series of patients as well as 
others recently reported with Crohn’s disease-associated 
carcinomas is essentially identical to that described in pa- 
tients with ulcerative colitis.*°*!’ High-grade dysplasia 
was identified in all patients in our series (Table 1). It was 
present in both flat and villiform patterns. In two patients 
(5 and 7), the pattern was designated as “adenomatous” 
because of its close similarity to colonic adenomas. 


TABLE 3. Relative Risk of Bowel Cancers with Crohn's Disease 





Risk of Crohn’s Patients 





Location of Cancer vs. General Population Author Method of Analysis 
Small bowel 43 times Korelitz* Epidemiologic survey 
Small bowel 100 times Fresko’? Literature review 
Small bowel 114 times Greenstein?’ Retrospective of hospitalized patients 
Large bowel 6.4 times Korelitz* Epidemiologic survey 
Large bowel 7 times Greenstein”? Retrospective of hospitalized patients 
Large bowel* 20 times Weedon?! Retrospective 





* (Study limited to patients with Crohn’s disease onset before 22 years of age.) 
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Fics. 5A and B. (A) Patient 4. Scanning-power photomicrograph showing 
invasive adenocarcinoma beneath a flat, dysplastic surface. (Hematoxylin 
and Eosin X 335.) (B) Patient 4. Higher-power photomicrograph of area 


noted (arrow) in 5A showing high-grade dysplasia in flat mucosa. (He- 


matoxylin a 
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FIG. 6. Patient 4. Photomicrograph of mucinous adenocarcinoma deep to surface noted in Figures 5A and 5B. Most of tumor (clear area) consists 
of pools of mucin containing nests of tumor cells (arrow). (Hematoxylin and Eosin X 130.) 


FIG. 7. Patient 5. Low-power photomicrograph of adenomatous dysplasia. Appearance simulates a colonic tubular adenoma. ( Hematoxylin and 


Eosin X 130.) 





The histopathologic types of colorectal carcinoma noted 
in our patients were significantly different from sporadi- 
cally occurring lesions, an observation noted recently in 
another large series of CDAC.° Four of our five cases of 
colorectal carcinoma were of the mucinous (colloid) type 
(patient 6 had combined mucinous and signet ring car- 
cinoma). Mucinous (colloid) carcinoma is defined as a 
tumor with greater than 60% of its volume composed of 
mucin. These lesions comprise from 9% to 15% of sporadic 
large bowel carcinomas and occur with increased fre- 
quency in association with ulcerative colitis and villous 
adenomas. They have a worse prognosis than nonmu- 
cinous tumors, especially those arising in the rectum. An- 
other unusual feature of our series was the occurrence of 
two cases of signet ring adenocarcinoma (linitis plastica) 
among five cases of colorectal cancer (patient 6 had com- 
bined mucinous and signet ring carcinoma). This is a very 
infrequent (less than 1%) variant of sporadic colorectal 
cancer and is usually advanced at the time of diagnosis.'* 


Surveillance 


Given the dismal outlook for patients with CDAC, 
consideration of a proper surveillance protocol might 
permit identification of patients for selective prophylactic 
resections. The key issue would be to identify the subset 
of Crohn’s patients who may be at risk. In 30% of patients 
who have a contemporaneous diagnosis of Crohn’s disease 
and carcinoma, screening will not help. Of the remaining 
70% of CDAC patients, one half will develop small bowel 
carcinoma.* Because the distal small bowel is not often 
accessible to colonoscopic biopsy, it is unlikely that ad- 
equate surveillance protocols will reduce the risks for this 
subset even though there is a close association with high- 
grade dysplasia. Thus, colonoscopic surveillance will only 
be applicable to a maximum of 50% of all Crohn’s disease 
patients at risk. Recent studies of CDAC, including this 
series, have found virtually all the cancers to be associated 
with areas of high-grade dysplasia,*°'”'* whereas thorough 
examination of 100 bowel specimens resected for non- 
cancer-associated Crohn’s disease revealed only a 2% in- 
cidence of dysplasia; and, this dysplasia was only mild in 
character.” This strongly suggests that a colonoscopic bi- 
opsy that shows high-grade dysplasia should mandate a 
colectomy. 

The more difficult question relates to who should un- 
dergo periodic colonoscopy with random biopsies. Ex- 
cluding the patients who have simultaneous discovery of 
Crohn’s disease and cancer, it is rare to have a CDAC 





occur sooner than 10 years after the clinically detected 
start of the inflammatory process. Therefore, ten years 
appears to be a good point at which to begin surveillance. 


Fic. 8. Patient 5. Gross photograph of abdominal perineal resection | 
specimen. The distal 15 cm contains a diffusely infiltrating signet ring 
(linitis plastica) adenocarcinoma. 
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FIG. 9. Patient 5. Photomicrograph of rectal wall diffusely infiltrated by signet ring adenocarcinoma. (Hematoxylin and Eosin X 335.) 


Any patient whose Crohn’s disease had its onset prior to 
22 years of age would seem to be a good candidate because 
the risk for colorectal cancer is at least as great as it is in 
a patient with universal ulcerative colitis. Crohn’s disease 
patients with colonic involvement seem to have a ten- 
fold greater risk of developing colon cancer than the gen- 
eral population. This risk is similar to left-sided ulcerative 
colitis patients. Moreover, the dismal 2-year survival noted 
among CDAC suggests a more virulent clinical course in 
these patients. This fact alone may justify the costs in- 
volved in the surveillance of this group. 

The question of where to biopsy is easier to answer. 


TABLE 4. Cancer Risks of Crohn’s Colitis Versus Ulcerative Colitis 


Relative Risk of 
Colorectal Cancer 


Disease vs. General Population 
All Crohn’s disease 6.4 times* 
Crohn’s disease involving colon 9.2 times* 
Left-sided ulcerative colitis 8.6 times”? 
Universal ulcerative colitis 16.7 times* 
Crohn’s disease onset before 22 years 20 times?! 


Strictured areas and fistula sites have traditionally been 
labeled as carrying a high risk of neoplasia.** In addition, 
the typical skip area pattern of Crohn’s disease mandates 
multiple random biopsies from cecum to distal rectum. 
As with ulcerative colitis patients undergoing surveillance, 
biopsies should be obtained from any unusual lesions, 
including plaques and nodular, thickened, or grossly vil- 
liform areas.” 

While colonoscopic surveillance performed annually 
seems to be a reasonable frequency, there is no way to 
fully justify this until the results of surveillance programs 
can be reviewed. In the meantime, it should be noted that 
patient 8 of this series had a small carcinoma identified 
and completely excised as the result of a surveillance co- 
lonoscopy performed at a time when she was relatively 
asymptomatic. 
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Pheochromocytoma 


Lateral Versus Anterior Operative Approach 





GEORGE L. IRVIN Ill, M.D., LAWRENCE M. FISHMAN, M.D., JAY A. SHER, M.D., LUKE K. YEUNG, M.D., 


and HORMUZ IRANI, M.D. 





The possibility of bilateral, extra-adrenal, and malignant tumors 
has dictated a thorough abdominal exploration through an an- 
terior incision in the management of patients with pheochromo- 
cytomas. Careful visualization or palpation of the sites known 
to harbor secondary tumors is still recommended by many sur- 
geons. The present study contrasts the results and morbidity of 
the retroperitoneal approach with that of the intraperitoneal op- 
erative approach for resection of pheochromocytoma. In the last 
14 years, 37 patients had successful total resections of their 
pheochromocytomas, excluding one patient with metastasis to 
the liver at the time of surgery who died 10 years after operation. 
After preoperative localization of their tumors, 17 patients were 
explored anteriorly and 20 underwent resection using a lateral 
approach. Thirty-one patients have been followed from 2 to 141 
(average 56) months. All patients have either returned to a nor- 
motensive state on no medication (27 patients) or, while requiring 
medication (9 patients), have had normal urinary metanephrine/ 
catecholamine levels, except for the one patient with metatastic 
disease. There were substantial differences in morbidity rates 
between the two groups, however. Four patients (20%) had minor 
postoperative complications, following retroperitoneal resection 
that included pleural effusion, urinary retention, pulmonary 
congestion, and fever. Nine patients (53%) had complications 
when the anterior approach was used, including splenectomy in 
two, pneumonia, and postoperative fever. Postoperative hospital 
stay averaged 9.8 days (range, 4 to 21 days) for the anterior 
group and 6.1 days (range, 4 to 12 days) when a lateral approach 
was used (p = 0.002). Our data suggest that, with accurate uni- 
lateral localization, the flank, retroperitoneal approach for re- 
section of pheochromocytoma can be used successfully with less 
morbidity. 


S A RESULT OF THE DEVELOPMENT of methods 
for accurate localization, appropriate preopera- 
tive adrenergic blockade and pharmacological 
control of hypertension during operative manipulation, 
the treatment of pheochromocytoma by resection of the 


Presented at the 100th Annual Meeting of The Southern Surgical As- 
sociation, Boca Raton, Florida, December 5-7, 1988. 

Correspondence and reprint requests: George L. Irvin III, M.D.. De- 
partment of Surgery, University of Miami School of Medicine, P.O. Box 
016310, Miami, FL 33101. 


From the Departments of Surgery, Medicine, and 
Anesthesiology, University of Miami School of Medicine, and 
the Veterans Administration Medical Center, Miami, Florida 





involved adrenal gland has resulted in a high rate of suc- 
cess. Most published series have emphasized that approx- 
imately 10% of patients have bilateral, metastatic, or ex- 
traadrenal tumors. Thus, the multicentricity and anatomic 
variability of these tumors have dictated an intraperitoneal 
operative approach. This strategy allows the surgeon to 
explore, during a single procedure, the contralateral ad- 
renal gland as well as possible ectopic sites for neoplastic 
chromaffin tissue not identified in the preoperative eval- 
uation. The incidence of morbidity associated with a lat- 
eral, retroperitoneal approach to the adrenal glands and 
major vascular structures, however, is less than that re- 
ported with anterior, intraperitoneal exploration of these 
organs.!? 

The purpose of this study is to compare the morbidity 
and long-term results associated with the two different 
operative approaches used in the treatment of pheochro- 
mocytoma. 


Patients and Methods 


Thirty-seven consecutive patients with proved diag- 
noses of pheochromocytoma were operated on between 
1974 and 1988 at the University of Miami Medical Center, 
comprised of Jackson Memorial Hospital and the Miami 
Veterans Administration Medical Center. The diagnosis 
was confirmed before operation by 24-hour urinary me- 
tanephrine and/or catecholamine determinations. The 
average age of the patients was 45 years (range, 14 to 75 
years). Twenty-two patients (59%) were female and 24 
(65%) were white. The unusually high number of black 
patients in this series (35%) may be explained by the in- 
clusion of a previously reported black familial group (fa- 
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Fic. 1. Computerized to- 
mogram showing a right ad- 
renal mass (pheochromocy- 
toma) anterior to the superior 
pole of the right kidney (con- 
taining a cyst) and a normal- 
sized left adrenal gland. 


ther and three daughters) with bilateral pheochromocy- 
tomas.’ 

Computerized tomography (CT) was used for localiza- 
tion of the pheochromocytomas in the majority of patients 
after this technique became available at our medical center 
in 1977. In all patients undergoing resection of their tu- 
mors using the retroperitoneal approach, CT not only 
demonstrated unilateral adrenal gland involvement, but 
also a normal-sized contralateral adrenal gland and no 
other abdominal masses (Fig. 1). In one patient with neu- 
rofibromatosis, 131 I-MIBG scintigraphy was helpful in 
differentiating other nonchromaffin tumors from the sin- 
gle intra-adrenal pheochromocytoma present, allowing 
successful resection by a flank approach. Pheochromo- 
cytomas were localized in the right adrenal gland alone 
in 20 patients (54%) and in the left gland in 11 patients 
(30%). Eleven per cent of patients were found to have 
bilateral tumors and in 5% the neoplasm was extra-adrenal 
in location. 

Preoperative adrenergic receptor blockade with phen- 
oxybenzamine hydrochloride to tolerance, supplemented 
by propranolol hydrochloride for tachycardia or arrhyth- 
mia if needed, was used in most of the patients. Hyper- 
tension during intraoperative tumor manipulation was 
carefully controlled by constant intra-arterial monitoring, 
the judicious use of sodium nitroprusside, and continuous 
communication between the surgical and anesthesia 
teams. 

Thirty-one patients have been followed for a mean of 
56 months (range, 2 to 141 months). A blood pressure of 
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150/90 mm Hg or less was considered normal. Patients 
requiring antihypertensive medication after operation 
were evaluated clinically and with determinations of 24- 
hour urinary metanephrine or catecholamine excretion 
to consider the possibility of persistent or recurrent pheo- 
chromocytoma. Only one death occurred in the follow- 
up period, with one patient dying of metastatic disease 
10 years after excision of bilateral adrenal pheochromo- 
cytomas, at which time unresectable liver metastases were 
also present. 

Patients with bilateral or extra-adrenal tumors, as well 
as those without adequate CT localization, were operated 
on using an anterior, intraperitoneal approach allowing 
a thorough transabdominal exploration; 17 patients in 
this study fell into this group. Pheochromocytomas lo- 
calized to a single adrenal gland in 20 patients were excised 
through a lateral, retroperitoneal operative approach. 
Comparison of the largest diameter of the resected spec- 
imens showed no difference in the size of the adrenal tu- 
mors between the two groups: anterior approach, 6.8 cm 
(range. 1.8 cm to 16.5 cm), lateral approach, 7 cm (range, 
2 cm to 16cm). Rate of operative morbidity, postoperative 
complications, hospital stay, and control of excess cate- 
cholamine production as measured by blood pressure and 
urinary hormone excretion were also compared in the 
two groups. 


Results 


In this series, 34 of the 37 patients were noted to be 
normotensive at the time of discharge from the hospital 
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TABLE 1. Postoperative Antihypertensive Medication and Catecholamine Excretion in Nine Patients with Hypertension 
Persisting After Resection of Pheochromocytoma 





Patient Medication 

5 Hydrochlorothiazide, Triamterene 
9 Hydralazine 

11 Hydrochlorothiazide 

20 Clonidine, Captopril, Verapamil 

23 Hydrochlorothiazide 

31 Propranolol 

32 Labetalol 

33 Verapamil 

34 Propranolol, Verapamil 


24-Hour Urinary Total 


Metanephrines Catecholamines 
Postoperative (Normal: 200- (Normal: 20- 
Months 600 ug) 120 ug) 

136 81 
113 34 
93 300 83 
65 446 27 
50 100 54 

18 580 35 

17 154 21 

10 380 57 

l 578 88 





following the surgical resection. During a follow-up period 
averaging almost 5 years, 21 of 31 (68%) patients continue 
to have normal blood pressures and are receiving no an- 
tihypertensive medication. As shown in Table |, nine pa- 
tients continue to have elevated blood pressures and are 
being treated with antihypertensive medication; all of 
these have been shown to have normal urinary catechol- 
amines or catecholamine metabolites, suggesting an etiol- 
ogy other than continuing or recurrent catecholamine ex- 
cess for their hypertension. Most of these patients have 
been studied on multiple occasions and several have had 
negative '*'I-MIBG scans, further confirming the absence 
of pheochromocytoma. The only death during the follow- 
up period occurred in a patient with wide-spread meta- 
static malignant pheochromocytoma, 10 years after re- 
section of bilateral adrenal chromaffin tumors; unresect- 
able hepatic metastases were present at the time of his 
surgery. The success of control of excessive catecholamine 


TABLE 2. Operative and Postoperative Complications Following 
Excision of Pheochromocytoma in 37 Patients by the 
Anterior or Flank Approach 


Anterior Flank 
Complication (n = 17) (n = 20) 
Mortality or stroke 0 0 
Splenectomy 2 0 
Number of patients requiring 
blood 8 (47%) 2 (10%) 
Average units per patient in 
those transfused 7.6 1.5 
Patients requiring transfusions 
since 1980 4 (40%) 0 
Average units per patient in 
those transfused 5.8 0 
Patients with postoperative 
morbidity 9 (53%) 4 (20%) 
Fever greater than 101°F 5 l 
Pneumonia l 0 
Urinary retention/infection l I 
Pleural effusion 3 2 
Average postoperative hospital 
days 9.8 (p = 0.002) 6.1 


production by operative resection of pheochromocytomas 
in this series thus compares favorably with the outcome 
reported in other studies,*” with a success rate of 97%. 
The result of operative intervention was equally effective 
by the two operative approaches. 

The preoperative localization of pheochromocytomas 
by computerized tomography was confirmed pathologi- 
cally in every patient undergoing adrenalectomy by the 
flank approach. One patient in the group operated on by 
the anterior, intraperitoneal approach had a false-positive 
'S'T-MIBG scan. 

Operative complications were more frequent in the an- 
terior approach group and included splenectomies in two 
patients and the necessity for more blood transfusions. 
As shown in Table 2, even since 1980, when the use of 
blood and blood products became much more stringent, 
40% of patients in this group required transfusions while 
patients in the flank approach group required none. Fifty- 
three per cent of patients in the anterior approach group 
had incidences of postoperative morbidity, compared to 
20% of patients undergoing retroperitoneal excisions of 
their tumors. None of the patients in the flank approach 
group with these complications had a prolonged post- 
operative hospital stay and all were discharged within six 
days. The average postoperative hospitalization was three 
days less in the flank approach group as compared to pa- 
tients in the anterior approach group (p = 0.002). One 
patient in the flank approach group with a prolonged 
postoperative stay for a diagnostic work-up of a lung nod- 
ule is excluded from this analysis, although she did well 
and was ready for discharge within six days. 


Discussion 


It is generally accepted that surgical treatment of pheo- 
chromocytoma has improved greatly during the last 15 
years as compared to the experience in previous decades. 
When tumors producing excessive catecholamines are 
found, surgical excision has resulted in a return to a nor- 
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motensive state without medication in approximately two 
thirds of previously hypertensive patients. Most other pa- 
tients requiring postoperative antihypertensive medica- 
tions for control of persistent blood pressure elevation 
have normal catecholamine levels, indicating successful 
removal of their pheochromocytomas. Thus, the surgical 
success rate for this disease is reported to be about 90%, 
with failures usually limited to patients with malignant 
pheochromocytoma.*” 

It is also well established that adrenalectomy carried 
out using a flank, retroperitoneal approach is associated 
with less incidence of morbidity than with an anterior, 
intraperitoneal operative approach. This has led Russell 
and co-workers! to recommend a posterior lumbar ap- 
proach for adrenalectomy for small, benign adrenal cor- 
tical lesions. These authors were reluctant, however, to 
recommend adrenalectomy for pheochromocytoma by 
this route and cite as the basis for this difference the need 
to exclude ectopic or metastatic tumors that require wide 
exposure for en bloc excision. 

As pointed out by vanHeerden and colleagues at the 
Mayo Clinic,*° computed tomography has been a major 
advance in the overall management of pheochromocy- 
tomas, with an accuracy rate of between 89% and 96% in 
the localization of such tumors. This is especially true for 
single intra-adrenal neoplasms when the CT section 
thickness used is | cm and CT sections are taken at con- 
tiguous l-cm intervals through both gland areas. 

The ability to localize a unilateral adrenal pheochro- 
mocytoma and to determine the size and shape of the 
contralateral gland by CT has allowed us to approach most 
of these tumors directly through the flank, thereby avoid- 
ing the recognized incidence of morbidity of a transab- 
dominal exploration of both adrenal beds. Our supposi- 
tion is that CT is just as accurate as operative visualization 
and palpation in determining the presence of a small tu- 
mor in the contralateral adrenal gland. This appears to 
be true especially in obese patients, where exposure is 
difficult and appropriate preoperative adrenergic blockade 
may suppress the monitored blood-pressure response 
during intraoperative palpation of a small nonvisualized 
tumor. 

Our experience with '*'I-MIBG scintigraphy has been 
limited but was especially helpful in one patient in dif- 
ferentiating multiple neurofibromata from a single uni- 
lateral pheochromocytoma. Gough, Thompson, et al.’ 
described a patient with bilateral adrenal medullary hy- 
perplasia, bilateral pheochromocytomas, and 2 pheo- 
chromocytomas arising in paraganglia tissue anterior to 
the abdominal aorta; only 1 adrenal pheochromocytoma 
was diagnosed by CT and the '*'I-MIBG scan failed to 
show 2 of the 4 chromaffin tumors eventually removed 
at surgery. These authors make a plea for not abandoning 
the standard surgical approach of upper abdominal celi- 
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otomy and exploration of the most common extra-adrenal 
sites for pheochromocytoma. This report of Gough and 
colleagues points out the rarity of the risk of not finding 
concomitant pheochromocytomas if the lateral approach 
to a single adrenal gland is used. 

The question of operative approach in patients with 
the Multiple Endocrine Neoplasia Type II (MEN II) syn- 
drome when the clinical evidence indicates that only one 
adrenal gland is involved has not been resolved. In favor 
of bilateral adrenalectomy in this setting are the appro- 
priateness of this treatment if a malignant pheochromo- 
cytoma is found, the possibility of discovery and resection 
of a small undetected tumor in the contralateral gland, 
and the avoidance of a second operation should a meta- 
chronous pheochromocytoma develop; these considera- 
tions are especially pertinent in view of the very high in- 
cidence of bilateral or multiple pheochromocytomas in 
the MEN II syndrome. To be weighed against these pos- 
sible advantages is the not- inconsiderable risk of iatro- 
genic adrenal insufficiency requiring life-long steroid re- 
placement. This problem has been debated by van- 
Heerden and others and remains somewhat controversial." 
The MEN II syndrome was not apparent in any patient 
in the present study. 

We recognize the risk, if celiotomy is not done, of miss- 
ing small synchronous pheochromocytomas not dem- 
onstrated before operation by CT in a contralateral ad- 
renal gland or elsewhere in the abdomen. Our data seem 
to justify this risk by showing equal long-term control of 
catecholamine excess in both groups of patients, but with 
less incidence of morbidity in the group of patients un- 
dergoing unilateral adrenalectomy by the retroperitoneal 
approach. We suggest the following criteria for excision 
of pheochromocytoma by a unilateral, retroperitoneal, 
flank approach: (1) a localized adrenal tumor with a nor- 
mal size contralateral adrenal gland and no extra-adrenal 
mass by computed tomography; (2) a localized adrenal 
tumor in a patient with MEN II or familial pheochro- 
mocytoma when a prophylactic contralateral adrenalec- 
tomy is not planned; (3) a metachronous pheochromo- 
cytoma occurring in a single remaining adrenal gland. 
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DISCUSSION 


Dr. H. WILLIAM SCOTT, JR. (Nashville, Tennessee): Dr. Irvin’s ex- 
tremely well-studied series is a careful investigation with good follow-up 
and good data, and his presentation was excellent. I only rise to question 
the fundamental validity of his departure from an old, time-worn but 
time-honored operative approach to abdominal pheochromocytoma. 

My question is: Are the imaging techniques that we now have available 
reliable enough to warrant following his suggestions and the criteria that 
Dr. Irvin has laid out for the flank approach? 

In general, our attitude has long been to use an anterior, transperitoneal 
approach to all large adrenal tumors with malignant potential and all 
abdominal pheochromocytomas without exception, and to use extra- 
peritoneal approaches to adrenal tumors only when they seem to be 
benign, relatively small, and do not have any catecholamine secretion 
whatsoever. 

Now, with that, let me have the first of the three slides that I have to 
show, please, sir. 

(Slide) This slide depicts the series of 75 patients with pheochromo- 
cytoma who have been identified and studied at the Vanderbilt University 
affiliated hospitals in the years between 1950 and 1986 with follow-up 
to date or to death. 

In the group of 75 patients, 73% had adrenal tumors; 7 patients had 
adrenal tumors that were bilateral. Twenty-six per cent had extra-adrenal 
tumors. One patient in the group had both an adrenal and an extra- 
adrenal tumor. Fourteen per cent of these patients, 11 in number, had 
biologically malignant tumors, this being proved either by metastatic 
disease at the time of operation or by developing in follow-up. 

Looking at this in another way, 75 patients in this group had more 
than 108 tumors—108 pheochromocytomas or functioning catechol- 
amine-secreting paragangliomas. 

` Pheochromocytoma, or catecholamine-secreting paraganglioma, has 
a tendency to be multiple and to be multicentric. 

I didn’t include in the total of 108 tumors the fact that a single adrenal 
tumor in some one who has MEN2 may have as many as 5 or 6 small 
foci of tumor in it at the time of operative removal. 

The familial syndromes, including MEN2 and the neuroectodermal 
dysplastic syndromes such as neurofibromatosis (von Recklinghausen’s 
disease), Sturge-Weber syndrome, Lindau-von Hippel disease, and tub- 
erous sclerosis, all have increased incidence of pheochromocytomas and 
the same tendency toward multicentric tumors and bilaterality in the 
adrenals. 

Children and young adults, both with and without these syndromes, 
also share in the tendency to have multiple adrenal pheochromacytomas 
and, particularly, multiple extra-adrenal tumors. 

The greatest hazard, I think, in dealing with pheochromocytoma at 
operation is to miss a tumor that has not been suspected or identified. I 
have great respect for '*'I-MIBG, the CT scan, the arteriogram, and the 
MRI, but I am not ready to trust these imaging modalities as completely 
as I am the careful exploration of an experienced surgeon at the time of 
the operation. 

Only 1% to 2% of pheochromocytomas occur outside the abdominal 
cavity, so that 98% occur below the diaphragm in the abdominal cavity, 
or pelvis and can be found if the surgeon knows how to do a search. 

(Slide) This shows an example of a very tricky location of a pheo- 
chromocytoma arising between the aorta and the inferior vena cava in 
an area behind the pancreas and stomach, and this retropancreatic site 
of tumor was the cause of our missing the tumor in a 14-year-old girl. 

I can say that the most terrifying experience I think I have ever had 
was staying at that child’s bedside for 24 hours with her hypertensive 
crisis and pulse of 180 in the postoperative period after we had removed 
an easily identified adrenal tumor and had clearly missed an additional 
extra-adenal tumor. 

After the primary operation we carefully reviewed our imaging data. 
The second tumor had been missed by the CT scan. It had also been 
missed by the original arteriogram that she had but we found it when 
subtraction films were made later. She did not have MIBG. 
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At the time of the second operation in this thin child, I made all of 
our team close eyes and palpate through the head of the pancreas to see 
if we could feel the small tumor. We could not. 

The Kocher maneuver was then used. The duodenum was reflected. 
There was a little tumor. She did well after its removal. 

Since that time we have had seven additional patients with tumors 
that occurred in this position, either below the left renal vein as shown 
here, or above the left renal vein. In one of these our imaging studies 
before operation failed to localize a classic pheochromocytoma by pre- 
operative catecholamine pattern. We went in and explored the adrenals 
and the abdomen carefully, used the Kocher maneuver, and found and 
excised the small tumor behind the head of the pancreas. 

(Slide) This is the type of intraperitoneal exposure that I use, I think, 
with apologies to Dr. Irvin, I will still plan to use for pheochromocytoma 
because of a personal skepticism about the total reliability of imaging 
studies and their absolute capability for identifying all pheochromocy- 
tomas. 

With this exposure I think you can do a very thorough job, including 
the routine use of a Kocher maneuver to look behind the duodenum 
and pancreas. 

We have missed two pheos by imaging and at operation that we are 
aware of, and the imaging studies, of course, missed another one that 
we did find by knowing to use the Kocher maneuver at operation. 

I think that Dr. Irvin has demonstrated that the flank approach may 
be safe if the tumor is small and localized in the adrenal and seems to 
be benign, but I must point out that our score in dealing with a malignant 
pheochromocytoma by operative and all adjuvant means is not very 
good, and the patient needs a very radical adrenalectomy, I think, if he 
or she is going to be cured of a biologically malignant pheochromocytoma. 
But the important thing to remember is the great hazard of an operative 
fatality if you miss a pheochromocytoma in some location that you do 
not identify as the operating surgeon at the time of your operation. 


Dr. GEORGE L. IRVIN III (Closing discussion): Thank you very much, 
Dr. Scott. We all recognize that you have as much or more experience 
with pheochromocytoma than anybody in the room, and I do appreciate 
your criticisms very much. 

The question as to whether localization is really good enough not to 
require total exploration of the abdomen is not answered yet. All I can 
say is that so far we have not missed any. We recognize the small risk 
of missing one, and it is important to let the family and the patient know 
of it when using the flank approach. With a localized, unilateral adrenal 
tumor, you might miss one and must be willing to take care of that 
complication should it occur at a later date. 

We have approached it this way because the risk is minimized with 
our good localization techniques, and the decreased incidence of mor- 
bidity is worth taking the risk. 

The size of the tumor was brought up. We looked at this very carefully 
by measuring tumors in their greatest diameters. There was no significant 
difference in the size. Dr. Thomas made a point in his paper recently 
about a tumor that measured more than 10 cm that was not easily re- 
moved through the flank. Actually 4 of our pheochromocytomas excised 
by this approach were greater than 10 cm in diameter, the largest being 
16 cm. 

None of the patients in this series had MEN II. Performing a total 
adrenalectomy on these patients is controversial. This question has been 
reviewed recently by Dr. van Heerden in the World Journal of Surgery. 

Dr. Scott, we also have a 14-year-old patient in our series. She came 
in to the Jackson Hospital at term pregnancy with a blood pressure of 
290 and an untreated pheochromocytoma. Actually, there have been 
four children under 17 in this series, all of whom have been explored 
anteriorly. 

In closing, the standard, anterior approach to these tumors is still 
often indicated. However, with good localization studies, we can be se- 
lective and approach this disease with more assurance now and less in- 
cidence of morbidity using the retroperitoneal approach for unilateral 
tumors. 
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Dominant Lethal Test (Mice) 
Long-term carcinogenicity studies in rats and mice have been completed. After daily oral dosing for up to 2 years, 
there is no evidence that ciprofloxacin had any carcinogenic or tumorigenic effects in these species. 
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Bronchioloalveolar carcinoma (BAC) of the lung is a controversial 
form of adenocarcinoma with varying presentations. The 1977 
to 1988 Lung Study Group experience with this tumor was re- 
viewed to more precisely define the incidence of recurrence and 
survival of surgically resected and staged patients, to determine 
the incidence of BAC in the adenocarcinoma population, and to 
evaluate the impact of age, sex, smoking, and chronic lung-disease 
history on the incidence of BAC. Of 1635 patients reviewed, 235 
patients had pure BAC. It was found that resectable BAC pre- 
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sents at an earlier disease stage than does adenocarcinoma; BAC 
occurs more frequently in older patients and in those without 
smoking history or chronic lung disease than adenocarcinoma; 
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BAC patients have less weight loss, brain recurrences, and re- 
currences without second primaries than adenocarcinoma; sur- 
vival and recurrence-free survival are better for BAC than for 
non-BAC adenocarcinoma and large-cell carcinoma; early BAC 
survival is better than squamous-cell survival but after 2 years 
is equivalent; T1-NO BAC patients have recurrence and survival 
rates similar to squamous-cell survival rates and better than non- 
BAC adeno survival rates; T1-N1/T2-NO and Stage 2 and 3 
BAC recurs more frequently than either squamous-cell or non- 
BAC adenocarcinoma; stage 2 and 3 BAC has a higher mortality 
rate than does squamous-cell carcinoma or non-BAC adenocar- 
cinoma; BAC is a favorable prognostic factor when adjusted for 
extent of disease and age; and BAC’s better prognosis is a result 
of presenting at an earlier stage of disease and because it appears 
to be less aggressive than other adenocarcinomas even after ad- 
justment for extent of disease and other known prognostic factors. 
It is concluded that early diagnosis and resection are particularly 
important for patients with BAC. 


versial form of bronchogenic carcinoma with 

varying presentations. It was reported first in 1876 
by Malassez! who described the multinodular form of the 
disease. In 1904 Musser’ described the diffuse or pneu- 
monic type of presentation of the disease. Skorpil? re- 
ported a 5-year rate of survival in a patient on whom he 
performed a lobectomy in 1936. This was believed to be 
the first living patient in whom the diagnosis had been 
made. In 1960 Liebow’ officially named these entities 
bronchioloalyedlar carcinoma and defined them as “‘well- 
differentiated adenocarcinomas primary in the periphery 
of the lung beyond a grossly recognizable bronchus, with 
a tendency to spread chiefly within the confines of the 
lung by aerogenous and lymphatic routes, the walls of the 
distal air spaces often acting as supporting stroma for the 
neoplastic cells.” There continues to be controversy, 
however, because of the varying clinical presentations, 
ranging from a well-localized single pulmonary nodule to 
diffuse bilateral pulmonary involvement and on the results 
of treatment.’ In addition, there has been disagreement 
about whether bronchioloalveolar carcinoma is an entity 
distinct from adenocarcinoma of the lung.° The Lung 
Cancer Study Group experience from 1977 to 1988 was 
therefore reviewed to more precisely define the incidence 
of recurrence and survival of surgically resected and staged 
patients with bronchioloalveolar carcinoma, to compare 
this to the adenocarcinoma population, and to evaluate 
the impact of age, sex, smoking, and chronic lung-disease 
history on the incidence of bronchioloalveolar carcinoma. 


B RONCHIOLOALVEOLAR CARCINOMA IS A contro- 


Materials and Methods 


The Lung Cancer Study Group experience from 1977 
to 1988 was reviewed to identify patients who had been 
entered into protocols who met the strict pathologic cri- 
teria for bronchioloalveolar carcinoma. A total of 1618 
patients in seven Lung Cancer Study Group protocols 
were reviewed. Of these patients, 235 had pure bronchio- 
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loalveolar carcinoma. To qualify the patients met the ac- 
cepted diagnostic criteria of (1) no evidence of a primary 
adenocarcinoma elsewhere;(2) absence of a central bron- 
chogenic origin;(3)tumor cells growing along the walls of 
the alveoli with frequent papillary projections into the 
alveolar spaces;(4) and the interstitial lung tissue was gen- 
erally unaffected, i.e.,the pulmonary architecture was 
preserved. All patients were required to meet strict and 
vigorous eligibility criteria for each protocol into which 
they were enrolled. 

All patients underwent thoracotomy with surgical re- 
section at which time they underwent intraoperative pri- 
mary tumor and nodal staging. The Lung Cancer Study 
Group requirement for nodal staging includes sampling 
of an ipsilateral paratracheal node, a hilar node, a lobar 
node, a subcarinal node, and either an inferior pulmonary 
ligament or parasophageal node. If a segmentectomy or 
wedge resection is performed, a segmental node also must 
be biopsied. In addition, intrapulmonary nodes are ana- 
lyzed within the specimen. The primary tumors are care- 
fully measured to determine size, distance from the main 
carina, and visceral or parietal pleural involvement. All 
pathologic specimens were sent to a central pathology re- 
view laboratory for verification for pathologic quality as- 
surance and to enhance uniformity of diagnosis between 
member institutions. 

Patients were included from both control and treatment 
arms of the various protocols. They were divided into T 
N categories, i.e., T1-NO, T2-NO, T3-NO, T1-N1, T2-N1, 
T3-N1, T1-N2, T2-N2, and T3-N2. In order to have ad- 
equate numbers in these T N classifications for some of 
the data analyses, they were grouped into T1-NO, T1-N1/ 
T2-NO, and Stages 2 and 3. The 235 bronchioloalveolar 
carcinoma patients were compared to 947 adenocarci- 
noma, including the bronchioloalveolar-cell patients, 608 
squamous-cell patients, and 80 large-cell carcinoma pa- 
tients. 

Two major statistical endpoints were analyzed. The first 
was survival (and recurrence) following randomization in 
Lung Cancer Study Group protocols. A second endpoint 
of interest was the probability of the bronchioloalveolar- 
cell type in the population of patients having adenocar- 
cinoma. 

Standard life table methods and survival models were 
used for the time-to-event analyses. Event times were 
measured from the date of randomization. Hazard rates 
were calculated by dividing the number of events by the 
total exposure time. Hazard ratios are expressed relative 
to a baseline reference category for individual prognostic 
factors. Event time distributions were estimated using the 
product-limit method.’ Survival and recurrence-free sur- 
vival distributions were compared using the logrank sta- 
tistic.ë The effect of bronchioloalveolar-cell type on event 
times was adjusted for known prognostic variables (e.g., 
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TABLE 1. Sex By Cell Type 
Frequency 
Per cent 
Row Pct 
Col Pct Female Male 
large cell 24 56 80 
1.47 3.43 4.90 
30.00 70.00 
5.10 4.82 
adeno 262 448 710 
(excludes 16.04 27.43 43.48 
mixed) 36.90 63.10 
55.63 38.55 
squamous 86 522 608 
S2 31.97 37.23 
14.14 85.86 
18.26 44.92 
BAC 99 136 235 
6.06 8.33 14.39 
42.13 57.87 
21.02 11.70 


Total 471 1162 1633 


p < 0.001 (Chi square). 


TN category) using the proportional hazards model of 
Cox.’ Candidate prognostic factors were entered into the 
model and nonsignificant effects were removed in a step- 
wise fashion. 

The association between the bronchioloalveolar-cell 
type and categorical factors was tested using the chi-square 
statistic. The probability of having the bronchioloalveolar- 
cell type in the adenocarcinoma group was predicted from 
baseline explanatory variables using a multivariate logistic 
regression model.'° 

For all these analyses, some continously distributed 
outcome measures were categorized into discrete levels. 
For example, weight loss was dichotomized as greater than 
or equal to 10% versus less than 10%. Similarly, perfor- 
mance status was dichotomized as 9 to 10 versus all others. 
All p values reported are two sided. 


Results 


There were 136 male (58%) patients and 99 female 
(42%) patients in the bronchioloalveolar carcinoma group. 
This is similar to the nonbronchioloalveolar adenocar- 
cinoma group, which had 448 male (63%) and 262 female 
(37%) patients, but is significantly different from the 
squamous cell group, which had 522 male (86%) and 86 
(14%) female patients (p < 0.001). Table 1 depicts the 
relationship of sex to cell type. 

As noted, patients with three cell types were studied: 
large-cell (80 patients), squamous-cell carcinoma (608) 
patients, and adenocarcinoma including bronchioloal- 
veolar (947 patients), with the bronchioloalveolar carci- 
noma subgroup of adenocarcinoma consisting of 235 pa- 
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TABLE 2. 7-Status by N-Status All Patients 


T Status 
Frequency 
Per cent N Status 
Row Pct 
Col Pct NO NI N2 Total 
Tl 819 83 48 950 
50.09 5.08 2.94 58.10 
86.21 8.74 5.05 
66.59 38.07 25.67 
T2 388 109 117 614 
23.73 6.67 7.16 37.55 
63.19 17.75 19.06 
31.54 50.00 62.57 
T3 23 26 22 71 
1.41 1.59 1.35 4.34 
32.39 36.62 30.99 
1.87 11.93 11.76 
Total 1230 218 187 1635 


Idaa 13.33 11.44 100.00 


tients (25% of the adenocarcinomas). The presenting ex- 
tent of disease categories for patients are’shown in Tables 
2, 3, and 4. Table 2 shows all patients; Table 3 shows 
adenocarcinoma-only patients; and Table 4 shows bron- 
chioloalveolar carcinoma-only patients. It is noted that 
in this series of which all patients are suYgically resected, 
the predominant T N status is T1-NO, with T2-NO being 
the second most common status. As noted in Table 4, 
64% of bronchioloalveolar carcinoma patients fell into 
the T1-NO category as compared to 54% of the adeno- 
carcinoma patients and 50% of all patients. Eighty-four 
per cent of bronchioloalveolar carcinoma patients fell into 


TABLE 3. 7-Status by N-Status Adenocarcinoma Patients Only 


T Status 
Frequency 
Per cent N Status 
Row Pct =. Oe T 
Col Pct NO NI N2 Total 
Ti 507 36 38 581 
53.54 3.80 4.01 61.35 
87.26 6.20 6.54 
72.12 30.51 30.16 
T2 182 70 76 328 
19.22 7.39 8.03 34.64 
55.49 21.34 23.17 
25.89 59.32 60.32 
T3 14 12 12 í 38 
1.48 1.27 1:27 4.01 
36.84 31.58 31.58 
1.99 10.17 9.52 
Total 703 118 126 947 
74.23 12.46 13.31 100.00 
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TABLE 4. 7-Status by N-Status BAC Patients Only 


T Status 
Frequency 
Per cent N Status 
Row Pct 
Col Pct NO NI N2 Total 
Tl 150 4 4 158 
63.83 1.70 1.70 67.23 
94.94 253 259 
75.00 25.00 21.05 
T2 48 10 14 72 
20.43 4.26 5.96 30.64 
66.67 13.89 19.44 
24.00 62.50 73.68 
T3 2 2 l 5 
0.85 0.85 0.43 12 
40.00 40.00 20.00 
1.00 12.50 5.26 
Total 200 16 19 235 
85.11 6.81 8.09 100.00 


TABLE 5. Categorical Prognostic Factors and BAC Among 
Adenocarcinoma Patients 








BAC 
No Yes 
Variable N (%) N (%) P value 

T ‘status 0.050 
Tl 423 (44.7) 158 (16.7) 

T2 256 (27.0) 72 (7.5) 
T3 33 (3.5) 5 (0.5) 

N status <.001 
NO 503 (53.1) 200 (21.1) 

NI 102 (10.7) 16 (1.7) 
N2 107 (11.3) 19 (2.0) 

Male sex 448 (47.4) 136 (14.4) 193 

Smoking status <.001 
Current 407 (43.9) 115 (12.4) 

Former 248 (26.8) 82 (8.9) 
Never smoked 41 (4.4) 34 (3.7) 

Race .177 
White 632 (66.8) 210 (22.3) 

Black 57 (6.0) 13 (1.4) 
Other = (2.3) 12 (1.3) 

Extent of resection 485 
Pneumonectomy 142 (15.1) 39 (4.1) 
Lobectomy 515 (54.6) 177 (18.8) 

Other 51 (5.4) 19 (2.0) 

>10% weight loss 63 (6.6) 8 (0.9) .006 

Hx hepatitis 13 (1.6) 10 (1.2) .025 

Hx chronic lung 194 (20.6) 43 (4.6) 005 

Hx heart disease 114 (12.4) 35 (3.8) 678 

Recurrence 

Local recurrence 81 (8.6) 23 (2.4) .499 

Brain only recurrence 81 (8.6) 10 (1.1) 001 

Nonbrain recurrence 138 (14.6) 43 (4.5) 714 

Any brain recurrence 219 (23.1) 53 (5.6) 016 
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either the T1-NO or T2-NO category, i.e., Stage 1. There 
is, therefore, a tendency for bronchioloalveolar carcinoma 
patients to have an earlier stage of disease at presentation. 

Among the adenocarcinoma patients, univariate anal- 
ysis revealed that bronchioloalveolar patients were more 
likely to have early stage disease (T-status, p = 0.05, N- 
status, p < 0.001), no history of smoking (p < 0.001), a 
weight loss of less than 10% (p = 0.006), no history of 
hepatitis (p = 0.025), and no history of chronic lung dis- 
ease (p = 0.005). In addition, brain recurrences are less 
likely to occur in bronchiolalveolar carcinoma as com- 
pared to adenocarcinoma (p < 0.001), as are recurrences 
without second primaries (p < 0.008). These results are 
presented in Table 5. 

The survival of all patients by cell type is shown in 
Figure 1. The familiar worsening of survival from squa- 
mous-cell carcinoma to adenocarcinoma to large-cell car- 
cinoma is illustrated. However, the survival curves also 
show that initially bronchioloalveolar carcinoma patients 
have a more favorable survival than even squamous-cell 
patients and that after approximately 2 years, the survival 
of bronchioloalveolar carcinoma patients and squamous- 
cell patients is approximately equivalent. The survival of 
bronchioloalveolar carcinoma patients is more favorable 
than that for nonbronchioloalveolar adenocarcinoma pa- 
tients, as illustrated in Figure 2. Similar analysis for re- 
currence are shown in Figures 3 and 4. Tables 6 and7 list 
the mortality rate per patient-year of exposure and the 
recurrence rate per patient-year of exposure comparing 
bronchioloalveolar carcinoma, adenocarcinoma, and 
squamous-cell carcinoma by T N status. It is noted the 
T1-NO patients with bronchioloalveolar carcinoma have 
recurrence and survival rates similar to squamous-cell 
carcinoma and significantly better than nonbronchio- 
loalveolar adenocarcinoma. In T1-N1/T2-NO and Stage 
2 and 3, however, the incidence of recurrence in the bron- 
chioloalveolar group is slightly higher than the adenocar- 
cinoma group and significantly higher than squamous- 
cell carcinoma group, and the mortality in T1-N1 and 
T2-N0O status is similar to squamous-cell carcinoma and 
slightly less than adenocarcinoma, but in Stage 2 and 3 
the mortality rate is somewhat higher than either group, 
although not significantly so. Overall mortality rates for 
both bronchioloalveolar carcinoma and squamous-cell 
carcinoma are less than that for nonbronchioloalveolar 
adenocarcinoma. 

The prognostic effect of individual factors on survival 
and recurrence is shown in Table 8. The bronchioloal- 
veolar carcinoma cell type has a significant prognostic 
benefit on survival with a hazard ratio of 0.729 (p = 0.008) 
and recurrence with a hazard ratio of 0.701 (p = 0.002). 

We attempted to determine if the bronchioloalveolar 
carcinoma cell type was a favorable prognostic factor for 
survival when it was adjusted for extent of disease and 
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FIG. 1. This graph demonstrates survival by the four cell types. Note that the bronchioloalveolar carcinoma survival is superior to even squamous- 
cell carcinoma during the first 2 years following surgical resection and thereafter coincides with squamous-cell carcinoma. Both of these cell types 
have significantly better survival rates than do adenocarcinoma and large-cell carcinoma. N 


other known factors. Using the Cox proportional hazards 
model, the bronchioloalveolar carcinoma cell type was 
seen as a favorable prognostic factor when it was adjusted 
for T-status, N-status, and the age of the patient (p = 0.03; 
Table 9). However, when one further adjusts for sex and 
percentage of weight loss, the effect of the bronchioloal- 
veolar carcinoma cell type is only marginally statistically 
significant (p = 0.09; lower portion of Table 9). These 
results are consistent with a modest independent variable 
effect on survival for the bronchioloalveolar carcinoma 
cell type when compared to adenocarcinoma (hazard ratio 
0.814). This effect is associated with female patients and 
a lesser tendency toward weight loss, both of which also 
have independent prognostic importance. Consequently, 
when all variables are placed in the model, the effect of 
the bronchioloalveolar cell carcinoma is reduced. 

In a similar way, we adjusted the effect of the bron- 
chioloalveolar carcinoma cell type on recurrence-free 
survival for known prognostic factors. The results are 
shown in Table 10. Bronchioloalveolar carcinoma is 
marginally significant when adjusted for age, T-status, and 
N-status and is not significant when also adjusted for 
weight loss (lower portion of Table 10). Although the re- 
currence hazard ratio for bronchioloalveolar carcinoma 


versus nonbronchioloalveolar carcinoma is 0.834 and is 
comparable to that for survival, the result is not statistically 
significant. 

The results of predicting the occurrence of the bron- 
chioloalveolar carcinoma cell type among adenocarci- 
noma patients is shown in Table 11. When only demo- 
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FiG. 2. This figure depicts survival in bronchioloalveolar carcinoma as 
compared to nonbronchioloalveolar adenocarcinoma. Note better sur- 
vival throughout the follow-up period in the bronchioloaveolar carcinoma 
group (p = 0.008). 
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FIG. 3. This figure depicts the recurrence-free survival by the four cell types and is quite similar to overall survival. Again note that bronchioloalveolar 


carcinoma has the highest recurrence-free survival for the initial 2 years after resection but then is slightly less than squamous-cell carcinoma for the 
remainder of fotf6w-up. Both cell types, however, have greater recurrence-free survival than do either adenocarcinoma or large-cell carcinoma. 


Adenocarcinoma Recurrence Free Survival 


Fic. 4. This graph demon- 
strates recurrence-free sur- 
vival in the adenocarcinoma 
group comparing bronchio- 
loalveolar carcinoma to non- 
bronchioloalveolar adeno- 
: carcinoma. As was the case 
Other Adeno with overall survival, there is 
superior survival for the first 
9 years following resection in 
the bronchioloalveolar car- 
cinoma group (p = 0.002). 
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TABLE 6. Overall Mortality (Rate per Patient-Year of Exposure) 


Stage II 
T No T,N,/T2No and III Overall 
BAC 0737 1219 4057 .1170 
Adeno .1004 .1574 3277 .1567 
Squamous 0741 122r .2744 .1156 
(p = .0542) (p=.1688) (p=.4182) (p = <.00008) 


BAC ys. Adeno (p = .1234); BAC vs. Sq (p = .6517); Adeno vs. Sq (p 
+ .0026). 
Pairwise comparison adjusted for TN status (Logrank statistic). 


graphic and historical variables are candidate predictors 
(sex, age, smoking history, race, and history of hepatitis, 
lung disease, and heart disease), multivariate logistic 
regression reveals that only age and a history of chronic 
lung disease are predictive of the presence of the bron- 
chioloalveolar carcinoma cell type. In particular, advanc- 
ing age makes this cell type more likely and a history of 
chronic lung disease makes it less likely. A nonsmoking 
history can also be used as a predictor of bronchioloal- 
veolar carcinoma in place of chronic lung disease probably 
because of the strong association of chronic lung disease 
and smoking (lower portion of Table 11). 


Discussion 


There has been considerable controversy regarding 
whether bronchioloalveolar carcinoma is a highly malig- 
nant multicentric entity or one of unicentric origin that 
can then be spread by the lymphatics, blood stream, and 
bronchi. At first, most felt that the disease was highly ma- 
lignant and rather hopeless. It was not until 1953 when 
Story et al.,'' reported successfully resecting two small 
peripheral lesions with success, which showed that when 
the bronchioloalveolar carcinoma was detected while still 
in a single, small nodular state, the prognosis could be 
quite good. Bronchioloalveolar carcinoma can present in 
many different ways. Radiographically, the tumors usually 
present as either a nodule (Fig. 5), mass consolidation 
(Fig.6), or a diffuse lesions.'* Up to 45% of patients present 
with an asymptomatic peripheral lesion.” However, those 
with diffuse disease frequently have severe symptoms and 


TABLE 7. Recurrence (Rate per Patient-Year of Exposure) 


Stage II 
T,No T,N,/T2No and III Overall 
BAC .0723 .2166 5576 .1455 
Adeno 1257 .1954 .4326 .1935 
Squamous .0799 .1262 .2883 .1157 


(p = .0007) (p= .0102) (p = .0228) (p = <.0001) 


* BAC vs. Adeno (p = .0824); BAC vs. Sq (p = .0554); Adeno vs. Sq 
(p = <.00001). 
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TABLE 8. Univariate Time to Event Analyses for Survival 
and Recurrence Free Survival 


Survival Recurrence 
Hazd. Hazd. 
Term Ratio P Value Ratio P Value 

T status 

T2 2.115 <.001 2.115 <.001 

Te 3.587 <.001 4.054 <.001 
N status 

NI 2.676 <.001 2.806 <.001 

N2 3.110 <.001 3.207 <.001 
Male sex 1.627 <.001 1.214 051 
Smoking status 

Former 1.217 .056 1.110 313 

Never 8197 305 .9258 .673 
Race 

Non-White 1.218 258 1.097 611 

Other 1.235 395 1.342 211 
Extent of resection 

Lobectomy .5123 <.001 .5724 <.001 

Other .5056 .002 .6177 .022 
>10% weight loss 1.729 <.001 1.455 .024 
Karnofsky > 8 .6789 .003 .7933 .091 
Hx hepatitis .9347 .818 - .6001 153 
Hx chronic lung 1.216 065 1.088 428 
Hx heart disease 1.346 O15 .9266 570 
BAC cell type .7294 .008 .7006 .002 
Age 1.018 <.001 1.008 120 
WBC 1.001 .052 1.001 153 
Calcium 9334 .160 ~9772 671 


can have massive intrapulmonary venoarterial shunting, '’ 
and some patients with advanced disease have a very pro- 
ductive bronchorrhea.'*:!> Shruffnagle® noted that bron- 
chioloalveolar carcinoma accounted for approximately 6% 
of all primary lung cancers. It was associated with a higher 
frequency in women than other lung carcinomas and the 


TABLE 9. Multivariate Proportional Hazards Models for Survival 


STD Hazd. 

Term Coefficient Error P value Ratio 
T2 .5698 (.103) <.001 1.768 
T3 8939 (.205) <.001 2.445 
NI .8299 (.133) <.001 2.293 
N2 .9976 (.130) <.001 2.712 

BAC Cell Type —.2612 (.120) .030 .7701 
Age .02801 (.0056) <.001 1.028 
T2 .5044 (.103) <.001 1.656 
T3 .8146 (.205) <.001 2.258 
NI .8799 (.133) <.001 2.411 
N2 1.076 (.129) <.001 2.932 
Male Gender .4269 (.106) <.001 1.533 
Age .02696 (.0056) <.001 1.027 
>10% Wt Loss .4805 (.158) .002 1.617 

BAC Cell Type —.2060 (.121) 089 8138 
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TABLE 10. Multivariate Proportional Hazards Models for Recurrence 
STD P Hazd. 
Term Coefficient Error Value Ratio 
T2 5461 (.103) <.001 1.726 
y .9916 (.208) <.001 2.696 
NI .8277 (.132) <.001 2.288 
N2 .9703 (.131) <.001 2.639 
Age 01598 (.0054) 003 1.016 
BAC Cell Type —2157 (.120) O71 .8060 
T2 5299 (.103) <.001 1.699 
T3 9975 (.208) <.001 2.711 
NI .8548 (.133) <.001 2.351 
N2 .9875 (.131) <.001 2.685 
>10% Wt Loss 3720 (.169) 028 1.451 
Age 01563 (.0054) 004 1.016 
BAC Cell Type —.1813 (.121) .134 8342 


bronchioloalveolar group had fewer smokers. These au- 
thors noted that pulmonary scars were common and were 
associated with bronchioloalveolar carcinoma in 48% of 
the cases. 

There has been debate over the years regarding the 
pathologic origin of bronchioloalveolar carcinoma. It was 
not until 1960 when Liebow* took the entities known as 
bronchiolo carcinoma, alveolar-cell tumors, and pulmo- 
nary adenomatosis and classified all of them as bronchio- 
loalveolar carcinoma. The name bronchioloalveolar car- 
cinoma Suggests two origins—bronchiol and alveolar. 
Microscopica#y the tumor cells grow along the walls of 
the alveoli with frequent papillary projections into the 
alveolar spaces and the interstitial architecture of the lung 
is preserved (Figs. 7A and B). In addition, they often arise 
in or adjacent to scar tissue (Fig.8). Electronmicroscopy 
has identified clara cells or type 2 granular pneumocytes.'® 
Immunohistochemistry and electron microscopy com- 
bined has revealed that some contain cellular subpopu- 
lations that produce mucosubstances and neuroendocrine 
products.' Tao et al.,’* have further subclassified bron- 
chioloalveolar carcinoma into three types, secretory, 
nonsecretory, and poorly differentiated. Edwards noted 
that the “bronchioloalveolar carcinoma is a heterogenous 
group of tumors which may be derived from either type 


TABLE 11. Multivariate Logistic Regressions Predicting BAC Cell 
Type Among Adenocarcinoma Patients 


STD Odds 
Term Coefficient Error P Value Ratio 
Intercept —10.48 (.466) <.001 — 
Age .03468 (.00745) <.001 1.035 
Hx chronic lung —.3741 (.169) .027 .6879 
Intercept —10.42 (.469) <.001 — 
Age .03058 (.00768) <.001 1.031 
Smoking status 
Former .1880 (.146) .199 1.207 
Never .4650 (.200) .020 1.592 
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Fic. 5. This PA roentgenogram reveals a small T-1 lesion in the right 
uppper lobe and is typical of the many T-1 N-0 bronchioloalveolar car- 
cinomas that were entered on the study. 


II cells, clara cells, or bronchial mucous cells.” He also 
noted that many of them arose from bronchiomucous 
cells and were very similar to mucous-secreting adeno- 
carcinomas, and further added that a substantial propor- 
tion of bronchioloalveolar carcinomas may arise from a 
bronchiol or stem cell that can differentiate into Type 2 
cells, clara cells, ciliated cells, and goblet cells. 

There are a number of reports of the surgical treatment 
and results for bronchioloalveolar carcinoma. In 1953 
Storey and his colleagues’! reported on three of their own 
cases and reviewed 205 other cases. They noted that of 
112 cases of diffuse disease only 9 were resected with 3 
patients living at the time of their report. However, in 
those with localized disease, 39 of 45 patients were re- 
sected, and 66% were long-term survivors. McNamara, 
et al.,'’ reported on 57 cases with bronchioloalveolar car- 
cinoma, 41 of whom had resection of their tumors. There 
were 2 pneumonectomies, 35 lobectomies, and 4 seg- 
mental resections. Five-year survival rate by the life table 
method was 48%. Ludington”? in 1972 reported operating 
on 10 patients with diffuse but operable lesions with 2 
survivors, | of them living for more than 4 years. In 10 
cases with localized disease, 7 patients were still living at 
the time of the report, 6 of whom reached the 2-year sur- 
vival mark. In 1976 James et al.?! reported on 48 patients 
with bronchioloalveolar carcinoma. Twenty-seven per 
cent survived 5 years or longer, but 13 of 32 who had 


Vol. 209 « No. 6 


isolated peripheral nodules survived for 5 years (40.6%). 
Munnell,” in 1978, reported on 12 patients with bron- 
chioloalveolar carcinoma who had lobectomy and noted 
that the overall 5-year survival rate was 75%. Greco et 
al.” in 1976 reviewed 122 patients with bronchioloalveo- 
lar carcinoma with an overall 5-year survival rate of 42% 
that ranged from 75% for those with Stage | disease to 
66% for Stage 2, 12% for Stage 3, and 8.7% for Stage 3 
M1. However, only 53% of Stage | patients were free of 
disease at 5 years. These authors caution that several pa- 
tients who had segmentectomy for localized lesions had 
tumor recurrence along the plane of segmentectomy and 
suggested that an anatomical lobectomy is the procedure 
of choice. 

Our study is the largest reported series of surgically re- 
sected bronchioloalveolar carcinoma of the lung. In ad- 
dition, this series is the only series that had compulsive 
uniform operative staging performed so that the patients 
could be placed in an accurate TNM status. The study is 
weighted toward those patients with more localized disease 
because all patients were resected. This is reflected by the 
high number of T1-NO and T2-NO patients. In addition, 
all patients met strict and rigorous eligibility criteria for 
the protocols in which they were entered. They were fol- 
lowed as part of a treatment protocol minimizing differ- 
ential follow-up and reporting bias. All specimens un- 
derwent an independent pathologic review and standard 
statistical methods were used to screen for and adjust for 
prognostic factors. 

Our study noted a higher incidence of female involve- 
ment with the bronchioloalveolar cell type as compared 
to squamous-cell carcinoma, although there was no in- 
crease when compared to adenocarcinoma. When com- 
pared to adenocarcinoma, the bronchioloalveolar carci- 
noma patients in our study tended to have an earlier stage 
of disease. There were more nonsmokers and less of them 
had a weight loss of 10% or more. In addition, less had a 
history of hepatitis or chronic lung disease. Our study did 
not identify those patients with pulmonary scars but only 
those who had chronic obstructive pulmonary disease. 
Therefore, we were not able to make a correlation between 
pulmonary scars and associated bronchioloalveolar car- 
cinoma. 

The long-term mortality rate in our series for bron- 
chioloalveolar carcinoma in the T1-NO subgroup was 7% 
per year, which reflects a relatively favorable prognosis. 
However, the mortality rate of 12% per year for T1-N1 
and T2-NO disease and 40% per year for Stage 2 and 3 
disease reflects the more dismal prognosis associated with 
advanced disease with this cell type. Again, this is similar 
data to the above papers, but because of the intraoperative 
staging it is more precise. As mentioned, the bronchio- 
loalveolar carcinoma occurred more frequently in our se- 
ries in female patients and those without a significant 
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FiG. 6. This PA roentgenogram demonstrates a large consolidative lesion 
of the left lung that is a T-2 lesion but still resectable and represents one 
of the less favorable lesions that were included in this study. At operation 
this involved both lobes, was T2-N2, and required pneumonectomy. 
Patients with the diffuse bilateral infiltrative process sometimes seen with 
broncioloalveolar carcinoma were not included in this study because 


they are not surgically resectable patients. 
>, 


"i 

weight loss. Both of the latter are variables that are as- 
sociated with higher survival; therefore, when they are 
controlled for, the pure effect of the cell type is lessened. 
If one looks at demographic and historic differences be- 
tween nonbronchioloalveolar adenocarcinoma and bron- 
chioloalveolar adenocarcinoma, the multivariate logistic 
regression revealed only that advancing age, lack of history 
of chronic obstructive pulmonary disease, and a non- 
smoking history were correlated with the bronchioloal- 
veolar carcinoma group. 

We conclude that (1) resectable bronchioloalveolar 
carcinoma presents at an earlier disease stage than ade- 
nocarcinoma; (2) bronchioloalveolar carcinoma occurs 
more frequently in older patients and in those without a 
history of smoking or chronic lung disease than does ad- 
enocarcinoma;(3) bronchioloalveolar carcinoma patients 
have less weight loss, brain recurrences, and recurrences 
without second primaries than adenocarcinoma;(4) sur- 
vival and recurrence-free survival are better for bronchio- 
loalveolar carcinoma than for nonbronchioloalveolar 
carcinoma and large-cell carcinoma;(5) early bronchio- 
loalveolar carcinoma survival is better than the survival 
for squamous-cell carcinoma, but after 2 years the rates 
are equivalent;(6) T1-NO bronchioloalveolar carcninoma 
patients have recurrence and survival rates similar to 





Fics. 7A and B. (A)This low power photomicrograph with H & E stain demonstrates the thickened alveoli with the dark hyperchromic nuclei of the 
abnormal malignant cells lining the alveoli. Adjacent are some thinner, more normal alveoli. The pulmonary architecture is preserved. (B) This is a 
higher-power photomicrograph of the same lesion revealing the malignant tumor cells lining the alveolar space with thickened septae. 
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FIG. 8. This photomicrograph is from the same patient whose xray is shown in Figure 5. Note the scar adjacent to the alveolus which is lined with 
malignant cells. This tumor, therefore, represents the entity of a scar-bronchioloalveolar carcinoma. This has been reported to occur in more-than 


40% of bronchioloalveolar carcinomas. 


squamous-cell carcinoma and better than nonbronchio- 
loalveolar carcinoma;(7) T1-N1, T2-NO and Stage 2 and 
3 bronchioloalveolar carcinoma patients have recurrences 
more frequently than do either squamous-cell or non- 
bronchioloalveolar adenocarcinoma patients;(8) Stage 2 
and 3 bronchioloalveolar carcinoma has a higher rate of 
mortality than do squamous or nonbronchioloalveolar 
adenocarcinoma;(9) bronchioloalveolar carcinoma is a 
favorable prognostic factor when adjusted for extent of 
disease and age;(10) the prognosis for patients with bron- 
chioloalveolar carcinoma is at least as favorable as even 
that of squamous-cell carcinoma, both because bronchio- 
loalveolar carcinoma seems to present at an earlier stage 
of disease (or equivalently progresses more slowly) and 
because this cell type appears to be less aggressive than 
other adenocarcinomas even after adjustment for extent 
of disease and other known prognostic factors. Early di- 
agnosis and resection of bronchioloalveolar carcinoma 
while it is in an early stage is important. 
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DISCUSSION 


Dr. WATTS R. WEBB (New Orleans, Louisiana): This has been a very 
beautiful presentation of a collected series from the Lung Cancer Study 
Group. I have had the opportunity to review this, and as you have the 
opportunity, you will see that this is a gold mine of information regarding 
this tumor that has not been very widely appreciated before, particularly 
the extent of it. The fact that one fourth of our adenocarcinomas really 
turn out to be bronchioloalveolar carcinomas was really much of a sur- 
prise, and I think perhaps the focusing of pathologic criteria has played 
a large part in this. 

It was very interesting that about 40% of these bronchioloalveolar 
carcinomas proved to be scar carcinomas. In our series some years ago 
that looked at scar carcinomas, we were very much surprised to find that 
about 60% of these were the bronchioloalveolar carcinomas, which is a 
relatively small group over all. 

The good news here, of course, is that if you get these early, the prog- 
nosis is quite good. If you get them late, the prognosis then becomes 
very bad. 

It also emphasizes that if you are going to resect, you certainly should 
do more than a segmental resection because these tumors spread along 
the bronchi and the alveoli, and you must get completely around them. 

We wonder if you noticed any evidence for aspirational metastases, 
not only lymphatic or hematogenous. We had some experimental data 
some years ago to indicate that the bilaterality and the multicentricity 
may be due to aspiration of tumor cells down the bronchi more than to 
conventional spread. 

There is no denominator on this group because this is the resected 
group. I would like to know if you have, Fred, the number of total cases 
from which these resectable groups were taken. Also, we have occasionally 
seen some rather significant improvement in patients in response to ra- 
diation therapy and we wonder, while it is outside the scope of this study, 
if you have anything to indicate to us the role of chemotherapy and 
irradiation. 


DR. FREDERICK L. GROVER (Closing discussion): Specifically, in an- 
swer to your question as to whether there is higher local recurrence if 
bronchioloalveolar carcinoma is resected by wedge or segmental resection 
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rather than by lobectomy, it is true that there have been reports of local 
spread when one does less than a lobectomy because these tumors can 
be aggressive locally by both lymphatic and vascular invasion. At this 
point in our study we have found no evidence that there is a difference 
in recurrence or mortality with the degree of resection. I might add, 
however, that just two weeks ago we closed a protocol that compares 
lobectomy with segmentectomy or wedge resection in patients with T- 
1-N-O disease for all of the nonsmall cell types. This data will take about 
3 to 4 years to mature, and at that point we may be able to answer this 
question because there were a significant number of patients in the bron- 
chioloalveolar carcinoma subgroup entered into this study. 

I don’t have the information necessary to tell you whether we had 
any evidence of aspirated metastasis at this point, although I can say 
that on the basis of our analysis, there was no difference in local recurrence 
between the adenocarcinoma and the bronchioloalveolar carcinoma 
subgroups. 

As for the denominator of the group, you rightfully pointed out and 
I want to emphasize again that patients who are entered into Lung Cancer 
Study Group protocols are patients who are operative candidates, so 
these were all surgically resected patients. I can tell you that from articles 
of individual institutions’ experiences that approximately 45% to 60% 
of patients with bronchioloalveolar carcinoma present with resectable 
disease rather than with diffuse bilateral disease or with distant metastasis. 
Our series therefore is representative of the 45% to 60% of patients with 
bronchioloalveolar carcinoma who are surgically resectable. 

In regard to the question of the efficiency of radiation therapy and 
chemotherapy, several of the protocols that these patients were entered 
into did involve these modalities. There was no difference in the rate of 
response of this tumor to those modalities compared to the other cell 
types. We did note in Stage II and III patients with completely resected 
adeno and large-cell carcinoma an increase in the disease-free interval 
of 6 months and a 7-month increase in survival in patients treated with 
CAP (Cytoxin, Adriamycin and Cisplatinum) in the postoperative period. 
In another protocol that studied patients who had incompletely resected 
nonsmall cell carcinoma, company postoperative CAP versus CAP and 
radiation therapy, we found a prolongation of median survival of 7 to 
8 months in the group receiving both CAP and radiation therapy. The 
bronchioloalveolar carcinoma patients responded in a manner that was 
similar to the entire group. 
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More confidence in presumptive antibiotic 

therapy. Prescribing UNASYN presumptively is a step 

you can take with confidence. UNASYN covers gram- 
positives (even enterococci), preva- 
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99 infections. * 
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infections* you face every day. 
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INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible 
strains of the designated miqwoorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 


1.5 or 3g qh 


strains of Staphylococcus aureus. Escherichia coli,* Klebsiella spp * 
a ae K. pneumoniae*). Proteus muirabilis.* Bacteroides fragilis. * 
nterobacter spp .* and Acinetobacter calcoaceticus. * 
Intra-Abdominal Infections caused by beta-lactamase producing Strains of 
Escherichia coli, Klebsiella spp (including K pneumoniae*). Bacteroides 
spp let fragilis) and Enterobacter spp * 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli.* and Bacteroides spp * (including B fragilis*) 
* Efficacy for this organism in this organ system was studied in fewer than 10 
infections 
While UNASYN® (ampicillin sodium/sulbactam sodium) is indicated only 
for the conditions listed above. infections caused by ampicillin-susceptible 
Organisms are also amenable to treatment with UNASYN due toits ampicillin 
content Therefore. mixed infections caused by ampicillin-susceptible 
Organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 
The use of UNASYN is contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH AHISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS. BEFORE THERAPY WITHA PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS. CEPHALOSPORINS. AND OTHER ALLERGENS. IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A high percentage of patients with mononucleosis who receive 
ampicillin develop a skin rash. Thus. ampicillin class antibiotics should not 
be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
= should be kept in mind during therapy If superinfections occur 
usually involving Pseudomonas or Candida) the drug should be discon- 
tinued and/or appropriate therapy instituted 
Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
Stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone. Itis not known whether this 
potentiation of ampicillin rashes is due to allopurinol or the hyperuricemia 
present in these patients There are no data with UNASYN and allopurinol 
administered concurrently UNASYN and aminoglycosides should not be 
reconstituted together due to the in vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 
Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicilin High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
race of glucose in urine using Clinitest*. Benedicts Solution or 
ehlings Solution It is recommended that glucose tests based on en- 
zyMatic glucose oxidase reactions (such as Clinistix” or Testape ~) be 
used. Following administration of ampicillinto pregnant women atransient 
decrease in plasma concentration of total conjugated estriol. es- 
triolglucuroride, conjugated estrone. ard estradiol has been noted This 


effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 
enic potential 
regnancy 

Pregnancy Category B: Reproduction studies nave been performed in mice 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN There are. however, no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy 
only if clearly needed. (See—Drug/Laboratory Test Interactions ) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone. frequency of 
contractions. height of contractions. and duration of contractions How- 
ever. itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects onthefetus prolongs the 
duration of labor. or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore, caution should be exercised when UNASYN 
iS administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN nave not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated The following adverse reactions have 
been reported 
Local Adverse Reactions 

Pain at IM injection site— 16% 

Thrombophiebitis—3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3° of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1°o of the patients were 
ening Nausea. vomiting. candidiasis, fatigue, malaise. headache chest 
pain, flatulence, abdominal distension. glossitis, urine retention. dysuria 
edema facial swelling. erythema. chilis, tightness in throat. substernal 
pain. epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during Clinical trials were 

Hepatic increased AST (SGOT) ALT (SGPT). alkaline phosphatase. and 

LDH 

Hematologic Decreased hemoglobin, hematocrit. RBC. WBC. neu- 

trophils. lymphocytes. platelets and increased lymphocytes. mono- 

cytes, Dasophiis. eosinophils. and platelets 

Biood Chemistry. Decreased serum albumin and total proteins 

Renal Increased BUN and creatinine 

Urinalysis Presence of RBC’s and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis. black hairy tongue. enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria, erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported These reactions 
may be controlled with antihistamines and. if necessary, systemic cortico- 
steroids Whenever such reactions occur. the drug should be discontinued. 
unless the opinion of the physician dictates otherwise. Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the acverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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What will you tell 
her about screening 
mammography? 

Many of your patients will hear about 
screening mammography through a pro- 


gram launched by the American Cancer 
Society and the American College of Radi- 


ology, and they may come to 


questions. What will you tell them? 

We hope you'll encourage them to 
have a screening mammogram, because 
that, along with your regular breast exam- 
inations and their monthly self examina- 
tions, offers the best chance of early detec- 
tion of breast cancer, a disease which will 


strike one woman in 10. 


Screening Mammography 
uidelines 
Women with No Symptoms 
Age: 
35-39 
40-49 


Baseline 
Every 1-2 years 


50&up Every year 


you with 


If you have questions about breast 
cancer detection for asymptomatic 


women, please contact us. 


Professional Education Dept. 
National Headquarters 

90 Park Avenue 

New York, New York 10016 

or your local society 
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American 1891 Preston White Drive 
College of Reston, Virginia 22091 
Radiology (703) 648-8900 
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Nothing comes closer to 100% activity 

against anaerobes in vitro. It’s a fact. Studies have 

proved no other antibiotic superior to UNASYN in overall 
antianaerobic activity.""” Not 
clindamycin. Not metronidazole. 


“I used to think only two Nothing 
things in life were certain.” 224 tas nothing to overlook — 


given the importance of anaerobes in 
today’s mixed infections. 

Though clinical results may not 
always mirror those obtained in vitro, there’s a world of 
confidence in choosing UNASYN for presumptive therapy of 
the mixed infections* you see every day. 
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*Due to susceptible strains of indicated organisms An antibiotic for every day 


Please see brief summary of prescribing information 
on adjacent page 
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(ampcillin sodium/sulbactam sodium) 
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INDICATIONS AND USAGE 

UNASYN ıs indicated for the treatment of infections due to susceptible 
strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 
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strains of Staphylococcus aureus. Escherichia coli, Klebsiella spp * 
Lata K pneumomae*), Proteus mirabilis.* Bacteroides fragilis * 
nterobacter spp .* and Acinetobacter calcoaceticus.* 
Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia coli. Klebsiella spp. (including K. pneumoniae*). Bacteroides 
spp. (including B. fragilis). and Enterobacter spp * 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli,* and Bacteroides spp.* (including B. fragilis*) 
* Efficacy for this organism in this organ system was studied in fewer than 10 
infections 
While UNASYN® (ampicillin sodium/su'bactam sodium) is indicated only 
for the conditions listed above. infections caused by ampicillin-susceptible 
organisms are also amenable to treatment with UNASYN due toits ampicillin 
content. Therefore. mixed infections caused by ampicillin-susceptible 
organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 
The use of UNASYN is contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH AHISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS. BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS. CEPHALOSPORINS. AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT. INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A high percentage of patients with mononucleosis who receive 
ampicillin develop askin rash Thus ampicillin class antibiotics should not 
be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacteria! patho- 
ae should be kept in mind during therapy If superinfections occur 
usually involving Pseudomonas or Candida). the drug should be discon- 
tinued and/or appropriate therapy instituted 
Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases subd- 
stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone. Itisnot known whether this 
potentiation of ampicillin rashes is due to allopurinol or the hyperuricemia 
present in these patients There are no data with UNASYN and allopurinol 
administered concurrently UNASYN and aminoglycosides should not be 
reconstituted together due to the in vitro inactivation of aminoglycosides by 
the ampicillin component ot UNASYN 
Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
Serpe af glucose in urine using Clinitest’”. Benedict's Solution or 
ehlings Solution It is recommended that glucose tests based on en- 
zymatic glucose oxidase reactions (such as Clinistix” or Testape “) be 
used. Following administration of ampicillinto pregnant women atransient 
decrease in plasma concentration of total conjugated estriol, es- 
triolglucuronide. conjugated estrone. and estradiol has been noted This 


effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 
enic potential 
regnancy 

Pregnancy Category B: Reproduction studies have been performed in mice 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN. There are. however, no adequate and well controlled studies in 
pregnant women. Because animal reproduction studies are not always 
predictive of human response. this drug should be used during pregnancy 
only if clearly needed (See—Drug/Laboratory Test Interactions ) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone, frequency of 
contractions. height of contractions. and duration of contractions. How- 
ever, itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects onthe fetus. prolongs the 
duration of labor. or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk. therefore, caution should be exercised when UNASYN 
iS administered to a nursing woman 
Pediatric Use: The efficacy and satety of UNASYN nave not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated. The following adverse reactions Nave 
been reported 
Local Adverse Reactions 

Pain at IM injection site—16% 

Thrombophlebitis—3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3°o of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
ae nausea. vomiting. candidiasis. fatigue, malaise. headache. chest 
pain. flatulence. abdominal distension. glossitis, urine retention. dysuria 
edema, facial swelling. erythema. chills. tightness in throat. sudsternal 
pain. epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 

rae Increased AST (SGOT). ALT (SGPT), alkaline phosphatase. and 

LDH 

Hematologic Decreased hemoglobin, hematocrit RBC. WBC. neu- 

trophils, lymphocytes. platelets and increased lymphocytes. mono- 

cytes. basophils, eosinophils. and platelets 

Blood Chemistry. Decreased serum albumin and total proteins 

Renal. Increased BUN and creatinine 

Urinalysis: Presence of RBC’s and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis black “hairy tongue. enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported. These reactions 
may be controlled with antihistamines and. it necessary, systemic cortico- 
steroids. Whenever such reactions occur. the drug should be discontinued 
unless the opinion of the physician dictates otherwise Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory Changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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practical resource for the forward-looking physician for years to come. 
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Problems in 
General Surgery 


Lloyd M. Nyhus, M.D., Editor. 


This series of hardbound volumes features a sym- 
posium on a specific topic in general surgery in each 
issue. It serves as an outlet for the publication of 
original articles aimgd at defining and suggesting 
solutions to difficult problems encountered in prac- 
„tice. Clinical problems are emphasized, with concen- 
tration on difficulties and complications. Leading 
authorities, chosen for their expert knowledge in their 
assigned topics, contribute articles on specific 
subjects, pooling the expertise of specialists for the 
benefit of generalists. 
Published quarterly. Individual rate $60.00 per year 
wre $75.00 (elsewhere). Residents $40.00 (U.S. 
only). 


Annals of Surgery 


Official Publication of The American Surgical 
Association, The Southern Surgical 
Association, Philadelphia Academy of 
Surgery, and the New York Surgical Society 
David C. Sabiston, Jr., M.D., Chairman of 
Editorial and Advisory Board. 

Annals of Surgery—the world’s oldest exclusively 
surgical journal—has provided the medical com- 
munity with reports on significant contributions to 
the advancement of surgical science and practice 
for over 100 years. Its 20,000 subscribers find it a 
practical way to keep up to date with important 


developments in surgery. 

Published monthly. Individual rate $59.00 per year 
(U.S.), $80.00 (elsewhere). Residents $39.00 (US.), 
$58.00 (Canada). 


The American Surgeon 


Official Publication of the Southeastern 
Surgical Congress, the Midwest Surgical 
Association, and the Society of American 
Gastrointestinal and Endoscopic Surgeons 
(SAGES) 


P. William Curreri, M.D., Editor-in-Chief. 


An authoritative forum for the publication of 
Original papers contributing to the advancement of 
surgery. Each issue contains information on the 
Clinical application of new methods used in the 
management of patients; review articles with 
continuing education questions; condensed reviews 
of unusual case reports; ‘‘How | Do It’’ articles 
emphasizing the technical aspects of surgery. 


Published monthly. Individual rate $53.00 per year 
(US), $69.00 (elsewhere). Residents $32.00 (U.S. 
only). 


Current Surgery 


The Official Journal of the Association of 
Program Directors in Surgery 
Lloyd M. Nyhus, M.D., Editor. 


An internationally renowned editorial board pre- 
pares abstracts from every dependable source of 


surgical information throughout the world. Drawing 
on their own clinical experience and that of other 
recognized authorities, the members of the board 
provide commentary to further amplify and 
illuminate the material contained in each abstract. 
Also included are editorials, reports of new 
discoveries, residents’ corner, and book reviews. 
Published bimonthly. Individual rate $43.00 per year 
eg $52.00 (elsewhere). Residents $28.00 (U.S.), 
34.00 (Canada). 


Diseases of the 
Colon and Rectum 


Official Journal of the American Society of 
Colon and Rectal Surgeons and the 
International Society of University Colon and 
Rectal Surgeons 


Robert W. Beart, Jr., M.D., Editor-in-Chief. 


This journal publishes reports on contemporary 
practice in the diagnosis and management of proc- 
tologic diseases and surgery. International in scope, 
it includes articles from physicians worldwide who 
share their important discoveries that offer new 
insights into basic research in metabolism, 
pathology, virology, radiology, and the clinical 
practice of medicine and surgery. 

Published monthly. Individual rate $80.00 per year 
(U.S.), $101.00 (elsewhere). Residents $44.00 
(U.S.), $60.00 (Canada). 
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CLASSIFIED AD SECTION 


Classified advertising is available in ANNALS OF 
SURGERY for those recruting personnel or inter- 
ested in obtaining positions. Display spaces available 
for those desiring greater visibility or more space for 
their message. 


Classified ad copy, like other advertising copy, will 
be reviewed for approval prior to publication. 


Classified Rates: $9.00 per line or fraction of line. 
The average line will be 62 characters. 


Box Numbers: Replies may be directed via Box # 
to J.B. Lippincott Company, at an extra charge per 
insertion of $6.50 to cover handling costs in forward- 
ing such replies to the advertiser. 


How to Order: Prepayment not required. Send 
typewritten text copy for the ad to: 


ANNALS OF SURGERY 
c/o J.B. Lippincott Company 
Attn: Kathleen Phelan 
East Washington Square 
Philadelphia, Pa. 19105 
(215) 238-4215 


Deadline: Copy received by the 15th of month will 
run in the second following month's issue, e.g. 
November 15th for January issue. Ads received after 
the 15th will run in the next available issue. 





ARIZONA—General and Vascular Surgeons: For metro Phoenix/ 
Tucson. Quality solo/group opportunities available nationwide; 
BC/BE. Call or send CV in confidence to: Mitch Young; MAI, Inc., 
P.O. Box 1804, Scottsdale, AZ 85252; 602-990-8080. 





ASSISTANT PROFESSOR: Faculty position in Liver and 
Pancreas Transplantation at the University of New Mexico School 
of Medicine and the VA Medical Center in Albuquerque. Applica- 
tion deadline: June 30, 1989. Contact: Donald E. Fry, M.D., 
Chairman, Department of Surgery, University of New Mexico 
School of Medicine, Albuquerque, NM 87131. AA/EOE. 





ASSOCIATE PROFESSOR OF SURGERY—The Brigham & 
Women’s Hospital and Harvard Medical School are searching for 
an Associate Professor of Surgery to head Gastrointestinal Surgery 
at the Brigham & Women’s Hospital. The incumbent will be 
expected to have strong academic, teaching, clinical, research and 
administrative skills. Applicants are invited to submit curriculum 
vitae to: John A. Mannick, M.D., Surgeon-in-Chief, Brigham & 
Women’s Hospital, 75 Francis St., Boston, MA 02115. 





BC/BE Vascular Surgeon to join surgical department of thirty- 
three physician group practice located in historic town near 
Washington, D.C. and Richmond, VA. Surgical department cur- 
rently consists of General/Thoracic Surgeon, Otorhinolaryngolo- 
gist, Urologist, Orthopedic Surgeons, and OB/GYNs with Surgical 
Oncologist to join in summer. Practice includes operational non- 
invasive vascular laboratory. Salary is productivity-based; partner- 
ship available after one year. Excellent quality of life in area near 
beaches, mountains, and rivers. Send curriculum vitae to: Richard 
Thompson, M.D., Pratt Medical Center, 1701 Fall Hill Avenue, 
Fredericksburg, VA 22401. 
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COLORADO PERMANENTE MEDICAL GROUP is an 
expanding multispecialty prepaid group practice caring for members 
of the Kaiser Foundation Health Plan. Position available imme- 
diately for BE/BC general surgeon to join existing eleven physician 
department. Competitive salary and benefits. Contact: V. A. 
LaFleur, M.D., Associate Medical Director, Colorado Perma- 
nente Medical Group, P.C., 2045 Franklin Street, Denver, CO 
80205, (303) 861-3263. EOE. 


DIRECTOR OF SURGERY/PROGRAM DIRECTOR—We 
are seeking a Board Certified General Surgeon with extensive 
academic and clinical experience to assume the direction of an 
approved General Surgical Residency Program as well as the 
leadership of the Division of Surgery in this Yale affiliated 
community hospital. The candidate should possess strong skills in 
administration and teaching. Subspecialty training is desirable. This 
exciting position includes the possibility for a commensurate 
academic appointment and the opportunity for continued clinical 
research activities, as well as an excellent and comprehensive 
compensation and benefit package. Interested individuals should 
forward their CV to Edward Dunn, M.D., Acting Clinical 
Director, Waterbury Hospital Health Center, 64 Robbins St, 
Waterbury, CT 06721. 


GENERAL AND VASCULAR SURGEON: Opening for a BC/ 
BE associate in the field of general surgery in a, Northwestern 
community. Some thoracic and vascular; heavy endoscopy. Popula- 
tion 10,000 with a 40,000 service area. Office is in a new medical 
clinic adjacent to a new 82-bed hospital. CT available as well as 
Level III trauma rating. Please submit resume to: Box ANN6A J.B. 
Lippincott, East Washington Square, Philadelphia, PA 19105. 





GENERAL SURGEON—Kaiser Permanente: Kaiser Perma- 
nente’s Kansas City Region is experiencing continuous membership 
growth and is seeking a second board certified General Surgeon. Our 
six medical offices are strategically located throughout the city, and 
two area hospitals are utilized. Kaiser Permanente is a nation-wide 
health care program that has enjoyed success since its inception in 
1942. We offer excellent salary and benefits, fully-paid malpractice 
insurance, and are academically affiliated. Send CV or contact: 
Larry McDonald, M.D., 6900 Squibb Road, Suite 201, Shawnee 
Mission, Kansas 66202, (913) 384-9090. 





GENERAL SURGEON—Needed to join four General Surgeons 
at a major regional multispecialty clinic in Billings, Montana. Four 
university trained surgeons seek an associate with exemplary 
training. Training, experience, or interest in oncology is desirable. 
The General Surgery Department at the Billings Clinic provides 
services in general, thoracic and vascular surgery and receives 
referrals from a broad area for treatment of critical care, emergency, 
and gastrointestinal disease. The clinic setting includes all specialties 
and is adjacent to an outstanding tertiary care referral hospital. 
Excellent opportunity for top notch board eligible or board certified 
General Surgeon looking for a challenging practice in a geographic 
area Offering unlimited recreational potential. Those interested, 
please send CV to: John W. Heizer, M.D., Medical Director, The 
Billings Clinic, P.O. Box 35100, Billings, Montana 59107-5100. 





GENERAL SURGEON—San Francisco Bay Area—Outstand- 
ing opportunity for BE/BC general surgeon starting July, 1989. 
Interesting surgical practice in a beautiful area to live and work. 
Excellent salary and exceptional benefits, with opportunity to 
become shareholder in two years and senior partner in three years. 
Direct inquiries to: Chief, Department of Surgery, Kaiser Perma- 
nente Medical Center, 1150 Veterans Blvd., Redwood City, CA 


32A 


GENERAL/THORACIC SURGEON—California—We need a 
very special general Surgeon who is also trained in Thoracic Surgery, 
and interested in an excellent practice doing General and Thoracic 
surgery, no open heart. We offer the opportunity to establish private 
practice with no investment, guaranteed income. Our service area 
population is 90,000. Located in Central California near Sequoia 
National Park. Tulare offers a family-oriented environment, beauti- 
ful homes attractively priced, abundant recreation, good schools, 
restaurants, services and shopping. New businesses are contributing 
to the steady growth of our active community, where the lifestyle 
advantages of a small city are combined with easy access to all 
California’s attractions. For more information, please send CV or 
call: Tulare District Hospital Physician Recruiting Office, P.O. 
Box 90112, Los Angeles, CA 90009, (213) 216-2687. 


GENERAL/VASCULAR SURGEON—Board certified/eligible 
general surgeon with vascular subspecialty training needed to join a 
one-man surgical practice in Baton Rouge, Louisiana. Excellent 
professional practice opportunities, salary and fringe benefits. Send 
curriculum vitae to: Vincent R. Russo, M.D., 5339 Didesse Drive, 
Baton Rouge, Louisiana, 70809. Phone: 504-769-9624 or 504- 
923-0453. 


GENERAL/VASCULAR SURGEON—North Carolina, New 
Jersey, and Nationwide opportunites. BE/BC. Dr. Len Goodman, 
SMA, P.O. Box 25786, Charlotte, NC 28229. 704-536-2529. 


INDIANA—General and Thoracic Surgeon (BC/BE). Busy and 
stable six (6) man department in 60 M.D. multispecialty group, 
minutes from Chicago, looking to ADD and SHARE responsibil- 
ities with well-trained general and thoracic, non-cardiac surgeon. 
@aptive on-site referral base from more than 35 primary care 
associates. Excellent diagnostics and support from well equipped 
Radiology department - from routine to total CT scan. Complete lab 
and out-patient Surgery Center on site. Partnership in one year - No 
buy in. With existing incentive formula could be one of highest 
earners in group. Excellent career opportunity for group oriented 
M.D. Most liberal vacation/PG allowance. Malpractice and fringes 
Clinic paid. Community, schools, and location ideal for family. Send 
resume to: T. R. Hofferth, Administrator, The Hammond Clinic, 
7905 Calumet Avenue, Munster, IN 46321. (219) 836-5800. 


Opportunity for young GENERAL SURGEON—to join solo 
board surgeon with busy practice contemplating retirement. Please 
contact: Glenn E. Talboy, M.D., 125 East Idaho Street, Suite 105, 
Boise, ID 83712, (208) 343-7784. 


PERIPHERAL VASCULAR/GENERAL SURGEON—BC/ 
BE, wanted in 1990/1991 as second PV/GS in busy 5-man surgical 
group in Eastern Indiana. Office adjacent to 300 bed hospital. 
Excellent benefits, compensation and early partnership opportuni- 
ties. Send CV to: Box ANN6C, J.B. Lippincott Company, East 
Washington Square, Philadelphia, PA 19105. 


PRACTICES FOR SALE—Assume an existing practice available 
in most states and all specialties. Practices appraised on-site. Fees 
paid by seller. Contact: Dave Oberstein, Jackson & Coker, 400 
Perimeter Center Terrace, Suite 760 ASPB9, Atlanta, GA 30346, 
Tel. 1-800-544-1987. 


SOUTH FLORIDA—General Surgeon to join busy practice— 
MUST have GI Endoscopy training and be Board Certified or Board 
Eligible. Send reply to: Box ANN6B, J.B. Lippincott, East 









Situations Wanted 








Young COLORECTAL SURGEON with extensive experience in 
pelvic pouch surgery and other sphincter-saving procedures inter- 
ested in busy practice opportunity. Currently in academic setting. 
Send reply to: Box ANN6D, J.B. Lippincott, East Washington 
Square, Philadelphia, PA 19105. 
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October 23 — November 3, 1989 


Course Coordinators: Robert J. Baker, M.D. and Jack Pickleman, M.D. 


A comprehensive and rigorous review of General Surgery. The course presents an 
update of clinical approaches to complex surgical problems as well as a substantive 
review of surgical anatomy. The program covers topics in the areas of endocrine, 
gastrointestinal, pediatric, thoracic and vascular surgery as well as metabolism, 


SCHOOL inon: 


CME Since 1932 


For further information, 
call toll-free anytime 


1-800-621-4651 


In Illinois, call 1-800-621-4649 


trauma, infections, tumors and transplantation. The faculty members are noted 


clinician-educators chosen for their ability to present their knowledge from the 
perspective of the general surgeon. Participation earns approximately 98 AMA 


Category 1 credit hours. 

















THE HITCHCOCK CLINIC 











Manchester Division 


Board Certified or Board Eligible General Sur- 
geon needed to join the Manchester Division of 
New Hampshire’s oldest and largest multispe- 
cialty group practice. Opportunity for faculty 
appointment and participation in academic pro- 
grams of the Dartmouth-Hitchcock Medical 
Center. 












Please send curriculum vitae to: 


Eugene W. Lariviere, M.D. 














Medical Director 

The Hitchcock Clinic ~~ 
25 South River Road" apa 
Bedford, NH 03102 

(603) 624-9436 







The Hitchcock Clinic is an equal opportunity, 
affirmative action employer. 


Or write to us at 
707 South Wood Street 
Chicago, Illinois 60612 x .. 





CHAIRMAN 
ae 
SURGERY 


The UCLA School of Medicine is searching for 
a Chief, Department of Surgery for its affiliated 
hospital, The Los Angeles County-Olive View 
Medical Center. The individual will have a 
faculty appointment at UCLA and is expected 
to contribute to all academic programs of the 
Department of Surgery. Candidates should be 
board certified in surgery, have broad clinical, 
teaching and research experience, and a record 
of scholarly activity. Candidates with an 
administrative background preferred. 


Applicants should submit their curriculum vitae 
to: 


Joel J. Roslyn, M.D. 
Chairman, Search Committee 
Department of Surgery 
UCLA School of Medicine 
Los Angeles, CA 90024 


UCLA is an Equal Opportunity/ 
Affirmative Action Employer 


New Third Edition of the prime oncology reference! 
«Stands totally by itself as the major work in cancer therapy today. * 


Cancer: 44 
$ LL > us z 
Wy 


Principles and Practice z 
of Oncology 


Third Edition 


edited by 
Vincent T. DeVita, Jr., M.D.; 


Samuel Hellman, M.D.; and 
Steven A. Rosenberg, M.D., Ph.D. 


157 Contributors. 


40% new material 

Since its first publication in 1982, this landmark work 
has established itself as the prime reference in oncol- 
ogy, acclaimed bythe medical community through- 
out the world. The new Third Edition has been heavily 
revised and expanded, with nearly 40% new materia! 
and a strong new emphasis on biologic therapy and 
the molecular cell biology of cancer. 


New chapters 

New chapters in the Third Edition include Principles 
of Cell Proliferation; Cell Kinetics; Principles of Mo- 
lecular Cell Biology of Cancer; General Aspects of 
Gene Regulation; Principles of Carcinogenesis: Viral; 
Principles of Cancer Prevention: Diet and Nutrition; 
Principles of Cancer Prevention; Tobacco; Principles 
and Applications of Biologic Therapy; Interventional 
Radiology in Cancer; Cancer Screening; Benign and 
Malignant Mesothelioma; Lymphomas; Cancer in 


ToL 


&& 70 Order... Call us Toll Free (USA except AK) 1-800-638-3030. 


C: 


AIDS and Other Immunodeficiency States; Suppor- 
tive Care for Cancer Patients; Hematopoietic Growth 
Factors; Information Systems in Oncology. 


High praise for the previous edition 
“A true synthesis of oncologic principles. ..this book 
is the best.’—JAMA “...the standard reference 
source in oncology... epitomizes the multidisciplinary 
approach to treatment of cancer. '—Mayo Clinic Pro- 
ceedings `'...the excitement of progress. ..the most 
comprehensive textbook on cancer available. — 
Annals of Internal Medicine *...stands totally by itself 
as the major work in cancer therapy today’’—Cancer 
Forum” 

2,656 Pages. 1,216 Illustrations. 906 Tables. 19,818 
References. 1989. Single volume edition $145.00. 
Two-volume edition $175.00. 


In Maryland, call collect 301-824-7300 
















NO-RISK 
GUARANTEE! 


ou're not 
i satisfied, 







within 30 days 
with no obligation. 


















Additional valuable oncology 
references from Lippincott 


DeVita, Hellman & Rosenberg 

AIDS: Etiology, Diagnosis, Treatment 
and Prevention, 2nd Edition 

496 Pages. 185 Illustrations. 67 Tables. 
1989. $49.50. 


DeVita, Hellman & Rosenberg 
Important Advances in Oncology 1989 
About 400 Pages. 108 Illustrations. 61 
Tables. 1989. $59.50. 

Wittes 

Manual of Oncologic Therapeutics 
1988 - 1989 

544 Pages. 18 Illustrations. 94 Tables. 
1988. Paperbound. $27.50. 

Pizzo & Poplack 

Principles and Practice of Pediatric 
Oncology 

1,152 Pages. 333 Illustrations. 370 
Tables. 1989. $125.00. 


Beabrs et al. 

Manual for Staging of Cancer, 3rd 
Edition 

256 Pages. 50 Illustrations. 8 Tables. 
1988. $27.50. 

Chabner et al. 

Cancer Chemotherapy: Principles and 
Practice 

About 500 Pages. 150 Illustrations. 25 
Tables. Available Summer 1989. 
Order 
today! 
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CHAIR 
DEPARTMENT OF SURGERY 


QUILLEN-DISHNER 
COLLEGE OF MEDICINE 


EAST TENNESSEE 
STATE UNIVERSITY 


Candidates are being sought for the position of 
Chair of the Department of Surgery of East 
Tennessee State University, Quillen-Dishner 
College of Medicine, a community-based, Vete- 
rans Administration affiliated, medical school 
which graduated its eighth class in May 1989. 
The Department currently has 18 full-time 
faculty, active research programs, established 
faculty practice plan, and 78 part-time and 
volunteer faculty in this and neighboring com- 
munities. The Department has significant teach- 
ing responsibilities in undergraduate, graduate, 
and continuing medical education. The General 
Surgery Residency is one of five ETSU programs 
fully accredited by the ACGME. The College of 
Medicine is located in a prosperous, beautiful 
Southern Appalachian Mountain area, with a 
population base of over one million in the 
immediate referral area. Candidates must be 
board certified in general surgery with expertise 
in teaching, research, and administration. Inter- 
ested applicants should contact: 


Steven L. Berk, M.D. 
Chairman, Surgery Search Committee 
Department of Internal Medicine 
East Tennessee State University 
Quillen-Dishner College of Medicine 
P.O. Box 21,160A 
Johnson City, Tennessee 37614 


ETSU is an AA/EOE 


Colyte 
PEG-3350 AND ELECTROLYTES FOR ORAL SOLUTION 
For Gastrointestinal Lavage 


INDICATIONS AND USAGE: COLYTE® is indicated for bowel 
Cleansing prior fo colonoscopy or barium enema X-ray examina- 
tion. 


CONTRAINDICATIONS: COLYTE® is contraindicated in patients 
with ileus, gastric retention, gastrointestinal obstruction, bowel 
perforation, foxic colitis and toxic megacolon. 


WARNINGS: No additional hag e.g. flavoring, should be 
added to the solution. COLYTE® should be used with caution in 
patients with severe ulcerative colitis. 


PRECAUTIONS: General: Patients with impaired gag reflex, 
unconscious or semiconscious patients and patients prone to re- 
gurgitation or aspiration should be observed during the adminis- 
tration of COLYTE® especially if it is administered via nasogastric 
tube. 

lf gastrointestinal obstruction or perforation is suspected 
appropriate studies should be performed to rule out these con- 
ditions before administration of COLYTE®. 


Drug Interactions: Oral medication administered within one 
hour of the start of administration of COLYTE® may be flushed from 
the gastrointestinal tract and not absorbed. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: 
Studies to evaluate carcinogenic or mutagenic potential or poten- 
tial to adversely affect male or female infertility have not been per- 
formed. 


Pregnancy: Category C. Animal reproduction studies have 
not been conducted with COLYTE® and it is not known whether 
COLYTE® can affect reproductive capacity or harm the fetus when 
administered to a pregnant patient. COLYTE® should be given to a 
pregnant patient only if clearly needed. 


Pediatric Use: Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS: Nausea, abdominal fullness and bloating 
are the most frequent adverse reactions, occurring in up to 50% of 
patients. Abdominal cramps, vomiting and artol irritation occur 
less frequently. These adverse reactions are transient. Isolated 
cases of urticaria, rhinorrhea and dermatitis have been reported 
which may represent allergic reactions. 


HOW SUPPLIED: In powdered form, for oral administration as a 
solution. Each disposable 4 liter j ig contains the following 
4 liter, (NDC 0021-4401-23): polyethylene erg 3350 
240 g, sodium chloride 5.84 g, potassiur# chloride 2.98 g, 
sodium bicarbonate 6.72 g, sodium sulfate 22.72 g. 
Also available as five separately packaged components to prepare 
one gallon of solution for oral administration: 
One gallon, (NDC 0021-0001 -02): po ib lh lycol 
3350 227.1 g, sodium chloride 5.53 g, potassium chloride 
2.82 g, sodium bicarbonate 6.36 g, sodium sulfate 21.5 g. 


CAUTION: Federal law prohibits dispensing without a 
prescription. 


KEEP RECONSTITUTED SOLUTION REFRIGERATED. USE WITHIN 
48 HOURS. DISCARD UNUSED PORTION. 


Please see package insert for full prescribing information. 


DISTRIBUTED BY 
REED & CARNRICK 
Piscataway, NJ 08855-1328 June 1987 


References 

1. DiPalma JA, Brady CE, Stewart DL et al: Comparison of colon 
Cleansing methods in preparation for colonoscopy. 
Gastroenterology 86:856-860, 1984. 

2. Ernstoff JJ, DeGrasia AH, Marshall JB et al: A randomized 
blinded clinical trial of a rapid colonic lavage solution 
(Golytely) compared with standard preparation for colon- 
ae Me barium enema. Gastroenterology 84:1512- 





REED & CARNRICK 
Piscataway, NJ 08855 


- Aclear choice 
for a cleaner bowel 


Preferred by physicians and patients 
over traditional methods* 


Electrolyte lavage results in superior bowel cleansing causes less 


abdominal distress and takes only 4 hours vs 2 to 3 days. No wonder 
COLYTE is preferred over traditional methods of bowel preparation for 
GI procedures. 


Because it is the most economical PEG lavage available... and offers 
unsurpassed efficacy for a cleaner bowel...COLYTE is the logical 
choice when bowel preparation is required. 
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PEG-3350 AND ELECTROLYTES FOR ORAL SOLUTION ” 


Please see following page for brief 


‘Based on a nationwide study of COLYTE. t summary of prescribing information. 
Yo) fo Ko) shill -[-lok- Eeo ltalio S © 1988 Reed & Carnrick RC 6911... 
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Cefotan 
arithmetic. 


more cost-effective 
than cefoxitin"? 








less frequent dosing 
than cefoxitin** 


several times the half-life 
of cefoxitin" 





single-dose prophylaxis/ 
EN twice-daily treatment 





Count on 


CEFOTAN... 


(cefotetan disodium) 


In intra-abdominal and gynecologic infection 
due to indicated organisms . 





References: 1. Nightingale CH, Smith KS, Quintiliani R, et al: The conversion of cefoxitin usage 
to cefotetan: An interdisciplinary approach. Am J Surg 1988;155(5A):101-102. 2. Sochalski A, 
Sullman S, Andriole VT: Cost-effectiveness study of cefotetan versus cefoxitin and cefotetan 
versus combination antibiotic regimens. Am J Surg 1988;155(5A):96-101. 3. CEFOTAN® 
(cefotetan disodium) full prescribing information issued March 1986. 4. Physicians’ Desk 
Reference, ed 43. Oradell, NJ, Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 
pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH: Comparative pharmacokinetic 
study of cefotetan and cefoxitin in healthy volunteers. Infect Surg, April 1986 (suppl), 

pp 11-14. 6. Quintiliani R, Nightingale CH, Stevens RC, et al: Comparative pharmacokinetics 
of cefotetan and cefoxitin in patients undergoing hysterectomies and colorectal operations. 
Am J Surg 1988;155(5A):67-70 


Please see adjacent page for brief summary of prescribing information. © 1989 ICI Americas Inc 





~ 


y 


ee 


UHI TAH 


[inune 


Count on 


; 


HHN 
pi 


tverveconnnnnpennenrineerettesss 
Hl 





For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 
Urinary tract infections caused by E coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vuigaris, Providencia 
rettgeri, and Morganella morganii). 
Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
rata ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 

kin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 
Gynecologic infections caused by Staphylococcus aureust (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis," Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron); Fusobacterium species,t and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus speciest). 
intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniaet), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 
Bone and joint infections caused by Staphylococcus aureus.t 
*NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 
t Efficacy for this organism in this organ system was studied if fewer than ten infections. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
aie contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require opusa and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 


g managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 


lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
PRECAUTIONS 

GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. 1f superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 

INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by SE, sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 

E rana of alcoholic beverages following the administration of CEFOTAN. 

DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should 
be carefully monitored, especially if higher dosages of the aminoglycoside are to be administered or if 
therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycoside antibi- 
otics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible 
that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 

with Benedict's or Fehling’s solution. 

As With ‘bther cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
creatinine reported. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
© cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
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CEFOTAN... | 
(cefotetan disodium) 


In intra-abdominal and gynecologic infection 
due to indicated organisms 
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CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approx 2-4 times the usual human dose), only 1 of 10 treated 
animals was affected, and the degree of degeneration was miid. Similar lesions have been observed in > 
experiments of comparable design with other methylthiotetrazole-containing antibiotics and impaired 
fertility has been reported, particularly at high dose levels. No testicular effects were observed in R 
7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs (3 weeks old) that 
received up to 300 L by se IV for 5 weeks. The relevance of these findings to humans is unknown. 

USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 

and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal serene occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 80) 
and nausea (1 in 700). 

Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 

(1 in 200), positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700). 

Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500). 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
ki sarraa À every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 
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GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 

















Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM i 
Severe 4 grams 2 g every 12 hours IV 4 
Life-Threatening 6* grams 3 g every 12 hours IV 





*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
ite! in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 








Creatinine Clearance 








mL/min Dose Frequency 
>30 Usual Recommended Dose* Every 12 hours 
10-30 Usual Recommended Dose* Every 24 hours 
<10 Usual Recommended Dose* Every 48 hours 





“Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. The vials 
should not be stored at temperatures above 22°C and should be protected from light. 

1 g in 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21). 


Manufactured for 
STUART PHARMACEUTICALS 


Division of ICI Americas Inc 


Wilmington, Delaware 19897 
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In today's health care environment, the 
price of complications is simply too bigh... 
Protect your patients and yourself! 


Complications in 


Surgery and Trauma 


~ Second Edition 


Edited by Lazar J. Greenfield, M.D. /84 Contributors 


“During a hysterectomy did you injure a ureter? 
The urologic chapter will tell you how to repair it. 
Did you operate for appendicitis and find Crohn's 
disease of the ileum? You will find the solution 
...Does your patient have hoarseness after 
thyroidectomy? A clear discussion of cord 
positions (with diagrams) help define the problem 
and the treatment... 


When a book appears that offers us help with 
complications, we welcome it; readers should 
heartily accept this one...an excellent, com- 
prehensive review of surgical complications.’ 
JAMA, of the first edition 


Become aware of the trouble 
spots inherent in 
any physician’s practice... 

Some complications can occur even with the 
best of care—and indeed are inherent in the 
disease process. Others are the result of errors in 
judgement or technique. This book covers the full 
spectrum of complications which can occur in 
each surgical specialty—taking into account 
anticipation, avoidance and prevention as well as 
recognition, diagnosis and management. 
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Resection of Hepatic Metastases 


from Colorectal Cancer 


Biologic Perspectives 





GLENN STEELE, JR., M.D., and T.S. RAVIKUMAR, M.D. 





During the past decade the results of slightly fewer than 1000 
resections of liver metastases from colorectal carcinoma have 
been analyzed, retrospectively reanalyzed, and reviewed. The 
following are confirmed conclusions: major liver resection can 
be performed safely (less than a 5% operative mortality rate); 
20% to 25% of these patients are cured; no other regional therapy 
options have any curative potential. The following caveats are 
also obvious: most patients who are operated on are not cured; 
although predictors have been proposed to select patients most 
likely to benefit from surgery, none is discriminating in and of 
itself; most therapy questions in this group of patients have not 
been addressed in any formal way; surgery for isolated regionally 
recurrent colon and rectum carcinoma remains an important 
stopgap only until effective systemic therapy is discovered. This 
review of our own and other single and multi-institutional pro- 
spective and retrospective data will be framed by the following 
questions. (1) Does resection of liver metastases cure patients 
or simply select those who would have survived in the long-term 
without any therapy? (2) In the absence of any formalized, prop- 
erly designed trial, how can one judge the benefit of resection? 
(3) Why do metastases recur only in the liver? (4) What new 
therapies should focus on the predominant secondary failure sites 
in the majority of patients who do not benefit from hepatic me- 
tastasis resection? 
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Selection of Patients 


Before examining the outcome of resection of hepatic 
metastasis from colorectal carcinoma, one must determine 
the degree of selection for patients with isolated, poten- 
tially resectable liver metastases. Pestana et al.' in an au- 
topsy series, reported that the liver was involved in 70% 
ofall patients who died from disseminated colon and rec- 
tum carcinoma. Because 147,000 new cases of colon and 
rectum carcinoma will be diagnosed this year and roughly 
50% of patients will experience recurrence within 5 years, 
liver metastasis remains a prevalent mode of failure. Fur- 
thermore, numerous studies??? of the natural history of 
colorectal carcinoma, including our own, have shown that 
liver metastasis is the primary determinant of patient sur- 
vival. However, this large number of patients with the 
liver as one site of disseminated disease is irrelevant to 
the surgeon. For effective regional therapy, there must be 
no extraregional disease. As shown in recent prospective 
adjuvant treatment trials,?"?? the liver is the first or only 
site of failure in fewer than 20% of patients who experience 
recurrence after primary colon and rectum cancer resec- 
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tion. Some of these patients who present initially with 
regional disease (for instance, those with poorly differ- 
entiated adenocarcinoma) will show rapid proliferation 
of disease outside the liver. In addition, one third of the 
patients who have liver only or liver-predominant colo- 
rectal cancer metastases staged by any of the presently 
available noninvasive diagnostic tests will be found at 
surgery to have extrahepatic disease or metastases in the 
liver not amenable to surgical resection.” New staging 
techniques, such as intraoperative ultrasound (IOUS),”4 
will exclude even more patients found to have additional 
deep liver metastases as small as 2 mm to 4 mm in di- 
ameter. As the surgeon becomes stricter in excluding pa- 
tients with multiple liver lesions or with disease outside 
the liver, resection results will seem better. Furthermore, 
as the surgeon selects patients with more indolent disease 
(i.e., metastases isolated to the liver or lung that grow 
slowly and do not spread to other organs), results from 
resection will also seem better. The varying selection bias 
may explain differences in outcome among the many sin- 
gle institution hepatic metastasis resection series. Com- 
posite series will offer a more realistic survival estimate 
but are impossible to analyze because individual surgeon’s 
criteria for patient exclusion is not possible to extract. 

Adson et al.'° and Fortner” have attempted to estimate 
the maximum potential therapeutic benefit if hepatic me- 
tastasis resection were applied to all appropriately selected 
patients with colon and rectum carcinoma recurrence. 
We have modified their estimates as follows. If one as- 
sumes that 50% of the 147,000 patients who will be newly 
diagnosed with colon and rectum carcinoma this year will 
fail within 5 years, approximately 70,000 patients will be 
at risk for liver metastases as part of their recurrence. 
Eventually, 60% to 70% of these patients will have the 
liver as one involved organ. However, the liver will be the 
first or predominant site of failure in only 20% of these 
patients. Thus at most, 9000 patients could be considered 
for liver resection. However, if one assumes some prob- 
ability of comorbid disease that would exclude any major 
operation, and if one assumes that some patients would 
rapidly show progressive extrahepatic disease, then per- 
haps another 1000 to 1500 patients would be excluded 
from surgery. At the time of surgery, one third of these 
7500 patients would be ineligible for resection.?”° Thus, 
approximately 5000 patients would be potential candi- 
dates for resection each year. If one accepts the cumulative 
operative mortality rate of 5%, 250 patients would not 
survive the perioperative period. With the theoretical 4750 
patients operated on and alive after their operations, and 
a 20% to 25% 5- and 10-year disease-free survival, it is 
apparent that using the most optimistic estimates no more 
than 1000 patients per year could be cured by surgical 
resection. This puts the clinical discussion into proper 
context. 
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The Natural History of Hepatic Metastases 


At the time of surgery, no surgeon who finds that his 
or her patient has a resectable liver metastasis will ran- 
domize that patient to resection versus sham laparotomy. 
Analysis of patient benefit from hepatic metastasis resec- 
tion, therefore, must include comparison to outcome in 
natural history series that include comparably selected 
patients. 

With the single exception of Adson et al.,?”78 all sur- 
geons who report their hepatic metastasis resection series 
have stated that their only goal was to cure the patient. 
Although Adson’s palliative approach for some of his pa- 
tients and his attempt to define a postoperative quality- 
of-life index is interesting, most patients who present with 
pain and deterioration of liver function chemistries or 
synthetic function have, in general, far-advanced liver tu- 
mors that should not be considered for major surgical 
resection. In our own series,**”? and in all single institu- 
tional series with the exception of Dr. Adson’s, patients 
are operated on with curative intent. By and large these 
patients are asymptomatic or only mildly symptomatic 
at the time their liver metastases are diagnosed and when 
they come to surgery. In addition, most patients have no 
comorbid disease. Such selected surgical patients, then, 
cannot be compared to the general population of patients 
with synchronous or metachronous liver metastases from 
colon and rectum cancer who have been predicted to have 
a mean survival rate of only 6 to 9 months after diagnosis.’ 

Among the natural history studies listed in Table 1, 
several have characterized survival among selected pa- 
tients similar to those included in hepatic resection series. 
These include 1970 and 1983 reports by Cady et al.,®!4 
the Goslin et al.” study published in 1982, and the recent 
Finley and McArdle study” of occult hepatic metastases. 
The patients with limited liver involvement described in 
these natural history series are undoubtedly more anal- 
ogous to those on whom we operate. The benefits of our 
surgical therapy should be evaluated by a comparison with 
these historical nontreated controls. 

Our investigation of 125 patients who were referred to 
a tertiary cancer center during an era when hepatic me- 
tastasis resection was not in vogue is representative of the 
other natural history series in which most patients were 
asymptomatic at the time of diagnosis. The following 
conclusions were evident. First, the simplest way to es- 
tablish prognosis was to ask the patient how he or she felt. 
In the majority of our patients there was no deficit in 
work or life style, so called Eastern Cooperative Oncology 
Group (ECOG) functional status 0. As can be seen in 
Figure 1A, the patients with no dysfunction had a median 
survival of 18 months, regardless of the extent of théir 
liver disease. Second, patients who were found to hdve 
more disease died more quickly than those with less dis- 
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TABLE 1. Liver Metastases from Colorectal Cancer: Natural History Series 





Authors Journal Reference Number 
Pestana C, Reitemeier RJ, Moertel CG, et al. Am J Surg 1964; 108:826-9 l 
Jaffe BM, Donegan WL, Watson F, et al. Surg Gynecol Obstet 1968; 127:1-11 3 
Bengmark S, Hafstrom L Cancer 1969; 23:198-202 4 
Oxley FM, Ellis H Br J Surg 1969; 56:149-152 5 
Cady B, Monson DO, Swinton NW Surg Gynecol Obstet 1970; 131:697-700 6 
Abrams MS, Lerner HJ Dis Colon Rectum 1971; 14:431-4 7 
Neilson J, Balslev I, Jensen H-E Acta Chir Scand 1971; 137:463-5 8 
Baden H, Anderson B Scand J Gastroenterol 1975; 10:221-3 9 
Wood CB, Gillis CR, Blumgart LH Clin Oncol 1976; 2:285-8 10 
Welch JP, Donaldson GA Am J Surg 1978; 135:505-11 11 
Bengsson G, Carlsson G, Hafstrom L, et al. Am J Surg 1981; 141:586-9 12 
Goslin R, Steele G Jr, Zamcheck N, et al. Dis Colon Rectum 1982; 25:749-54 2 
Levine AN, Donegan WL, Irwin M JAMA 1982; 247:2809-10 13 
Cady B Semin Oncol 1983; 10:127-33 14 
Lahr CJ, Scong S-J, Cloud G, et al. J Clin Oncol 1983; 1:720-6 15 
Wagner JS, Adson MA, Van Heerden JA, et al. Ann Surg 1984; 199:502-7 16 
Wood CB. In: Van de Velde CJH, Sugarbaker P (eds.) Dordrecht: Martinus Nijhoff 1984; 47-54 17 
Finan PJ, Marshall RJ, Cooper EH, et al. Br J Surg 1985; 72:373-7 18 
Fujimoto S, Miyazaki M, Kitsukawa Y, et al. Dis Colon Rectum 1985; 28:588-91 19 
Finlay IG, McArdle CS Br J Surg 1986; 73:732-5 20 





ease in their liver (Fig. 1B). Individuals who were asymp- 
tomatic at presentation and who had fewer than three 
metastases had a median survival of 24 months, which is 
considerably longer than the 4- to 6-month survival pe- 
riods reported in unselected populations of patients with 
synchronous or metachronous liver metastases. This and 
other natural history series have shown that a select group 
of patients with good biology liver metastases from colon 
and rectum carcinoma will live a long time. However, 
death is the uniform outcome, and in our experience death 
is always related to the inexorable tumor growth in the 
liver. 





Finley and McArdle”? have proposed that perhaps as 
many as 20% to 25% of patients who have no known 
metastatic disease at the time of their primary colon and 
rectum cancer surgery may have occult liver metastases. 
These investigators have attempted to define the doubling 
time of liver tumors in patients with purported occult 
disease compared to the doubling time of liver tumors in 
patients who have known metastases at the time of pri- 
mary tumor resection.” The biologic approach is good, 
even if impractical. Theoretically, the surgeon could do 
with liver metastases what has already been done with 
pulmonary metastases from sarcoma, i.e., calculate the 
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doubling time of a given liver metastasis to estimate the 
proliferative thrust or biology of the disease before making 
the decision to resect. Unfortunately, however, the pre- 
cision of estimating doubling time even of known metas- 
tases is hampered by inadequate resolution capacity of 
most noninvasive diagnostic liver imaging techniques. 
Doubling time estimation is further limited by imprecise 
estimates of when the actual metastasis occurred. Varia- 
tions in tumor growth, dependence on tumor volume (so- 
called Gompertzian growth kinetics), variations in tumor 
spread to other organs not related to tumor volume, and 
variations in multifactorial host antitumor response all 
make the biology of a given tumor impossible to define. 
Thus, the surgeon is left with clinical criteria for selecting 
his or her patients and will most often operate on the 
asymptomatic patient with less liver tumor who is likely 
to have a reasonable outcome. 

Two aspects in this comparison between the natural 
history and resected groups will be particularly important: 
(1) patterns of failure or death with and without successful 
surgical resection, and (2) examination of plateaus in sur- 
vival curves among the “best biology patients” selected 
in nonsurgical “historical control” and resection series. 
Changes in patterns of failure after surgery imply that 
surgery is, in fact, accomplishing something. A plateau in 
the survival curve indicates that some patients are cured. 


Staging 


Presently available preoperative staging techniques lead 
the surgeon to explore 30% or more patients who are 
found not to be amenable to hepatic metastasis resec- 
tion.” Contraindications include unsuspected extra- 
hepatic disease (usually periportal or retroperitoneal 
nodes) or additional disease in the liver that makes resec- 
tion technically or biologically impractical. 

In our own experience, ultrasound is the most effective 
way to stage the liver. A caveat is the qualitative aspect 
of ultrasound interpretation. Even with the best and most 
interested ultrasonographer, however, resolution capacity 
is limited to liver lesions equal to or greater than | cm in 
diameter. CT scan, particularly with hepatocyte or Kupffer 
cell dyes, may improve resolution capacity, but presently 
CT is no better than ultrasound and may even be less 
useful when attempting to define lesions in the left lateral 
hepatic segment. Particular advantages of magnetic res- 
onance imaging in defining liver lesions and extrahepatic 
disease are still being investigated.*! 

In a recent comparison of preoperative imaging studies 
with intraoperative staging we added intraoperative ul- 
trasonography (IOUS) to our repertoire.** We prospec- 
tively evaluated 117 patients; 167 lesions were detected 
by IOUS. Of these, 61%, 76%, and 52% were detected by 
preoperative CT scan, ultrasound, and angiography, re- 
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spectively. IOUS was superior to intraoperative visual ex- 
amination or bimanual palpation of the liver, as well. 
Parenchymal lesions as small as 2 mm to 4 mm could be 
detected in the depths of the right and the left lobes. We 
now routinely apply the IOUS transducer over the anterior 
and posterior surfaces of right and left lobes after the liver 
is freed from its diaphragmatic attachments before any 
commitment to resection. Use of IOUS to stage the liver 
at the time of primary colon or rectum cancer resection 
might provide valuable natural history data, particularly 
regarding occult liver metastases. Because, however, there 
is no direct therapeutic benefit to the patient from this 
added information, we reserve IOUS at the time of pri- 
mary colon and rectum carcinoma resection for experi- 
mental protocols. 

Additional routine studies performed before liver re- 
section include lung tomograms or pulmonary CT scans. 
In our early series,” plain roentgenograms of the chest 
missed occult pulmonary metastases found by one of the 
other two imaging modalities in 10% to 15% of patients. 
Our need to more effectively exclude occult pulmonary 
disease was evident when analyzing patterns of failure. 

Hepatic arteriography is performed before operation 
by our group and by most surgeons who perform hepatic 
resection. This is not done to find additional liver lesions, 
although the combination of arteriography and CT scan 
may be helpful to do so. It is simply to provide a road 
map of the varied celiac arterial plexus. Particularly in 
cases in which the major right hepatic arterial inflow orig- 
inates from the superior mesenteric artery or when the 
left hepatic artery originates from the left gastric, it is 
helpful to know the anatomy before dissection of the porta 
hepatis. 

Finally, all patients are colonoscoped before surgery to 
rule out the existence of polyps, suture line recurrence, 
or metachronous cancers. 


Outcome 


The major individual institutional series analyzing re- 
sults from resecting colorectal cancer hepatic metastases 
are listed in Table 2. Collected series, beginning with Fos- 
ter’s seminal work in 1977,” are listed in Table 3. A com- 
posite of patient numbers and factors predicting outcome 
are summarized in Table 4. 

All hepatic metastasis resection series, with the excep- 
tion of a single unpublished prospective registry from the 
Gastrointestinal Tumor Study Group, are retrospective. 
All, including the Gastrointestinal Tumor Study Group 
prospective study, have no concomitant nonsurgically 
treated controls. It is important to distinguish the collected 
retrospective analyses, such as the Hughes et al.**-°® ħe- 
patic metastasis registry reports from the single institution 
analyses.*’-’> Although Hughes and coworkers have ac- 
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TABLE 2. Single Institutional Series of Colorectal Cancer Liver Metastasis Resection 
Authors Journal Reference Number 
Memorial 
Pack GT, Brasfield RD Am J Surg 1955; 90:704-716 37 
Attiyeh F, Wanebo HJ, Sterns MW Dis Colon Rectum 1978; 21:160-2 38 
Wanebo HJ, Semoglov C, Attiyeh F, et al. Am J Surg 1978; 135:81-5 39 
Fortner JG, Silva JS, Golbey RB, et al. Ann Surg 1984; 198:306-16 40 
Butler J, Attiyeh F, Daly JM Surg Gynecol Obstet 1986; 162:109-113 41 
Fortner JG Am J Surg 1988; 155:378-82 25 
Hartford 
Flanagan L, Foster JH Am J Surg 1967; 113:551-7 42 
Foster JH Cancer 1970; 26:493-502 43 
Foster JH Am J Surg 1978; 135:389-394 44 
Foster JH, Lundy J Curr Probl Surg 1981; 18:161-202 45 
Mayo 
Wilson SM, Adson MA Arch Surg 1976; 111:330-4 46 
Adson MA, Van Heerden JA Ann Surg 1980; 191:576-83 47 
Adson MA, Van Heerden JA, et al. Arch Surg 1984; 119:647-51 48 
Adson MA World J Surg 1987; 11:511-20 27 
UCLA 
Logan SE, Meier SJ, Ramming KP, et al. Arch Surg 1982; 117:25-8 49 
Thompson HH, Tompkins RK, Longmire WP Ann Surg 1983; 197:375-88 50 
Toronto 
Taylor B, Langer B, Falk RE, et al. Can J Surg 1983; 26:215-7 51 
Coburn CS, Makowka L, Langer B, et al. Surg Gynecol Obstet 1987; 165:239-46 52 
Boston 
Steele G Jr, Osteen RT, Wilson R, et al. Am J Surg 1984; 147:554-9 23 
Cady B, McDermott WV Ann Surg 1985; 201:204~-9 53 
Cady B, Saenz N, Steele G Jr, et al. Am J Surg In press 29 
Lund 
Ekberg H, Tranberg K-G, Andersson R, et al. Br J Surg 1986; 73:727-31 54 
Ekberg H, Tranberg K-G, Andersson R, et al. World J Surg 1987; 11:541-7 55 
Quattlebaum JK Surg Clin North Am 1962; 42:507-18 56 
Woodington GF, Waugh JM Am J Surg 1963; 105:24-9 57 
Boey J, Choi TK, Wong T, et al. Sug Gynecol Obstet 1981; 153:844-8 58 
Blumgart LH, Allison DJ Worl J Surg 1982; 6:320-45 59 
Morrow CE, Grage TB, Sutherland DER, et al. Surgery 1982; 92:610-4 60 
Rajpal S, Dasmahapatra KS, Ledesma EJ, et al. Surg Gynecol Obstet 1982; 155:813-6 61 
Iwatsuki S, Byers WS Jr, Starzl TE Ann Surg 1983; 197:247-53 62 
Kortz WJ, Meyers WC, Hanks JB, et al. Ann Surg 1984; 199:182-6 63 
Nims TA Surg Gynecol Obstet 1984; 158:46-8 64 
Tomas de la Vega JE, Donahue JE, Doolas A, et al. Surg Gynecol Obstet 1984; 159:223-8 65 
August DA, Sugarbaker PH, Ottow RT, et al. Ann Surg 1985; 201:210-8 66 
Coppa GF, Eng K, Ranson JHC, et al. Ann Surg 1985; 202:203-8 67 
Fegiz G, Bezzi M, DeAngelis R, et al. Ital J Surg Sci 1985; 15:259-65 68 
Petrelli NJ, Nambisan RN, Herrera L Am J Surg 1985; 149:205-9 69 
Gennari L, Doci R, Bozzetti F, et al. Ann Surg 1986; 203:49-54 70 
Bozzetti F, Bignami P, Morabito A, et al. Ann Surg 1987; 205:264-70 71 
Nordlinger B, Quilichini MA, Parc R, et al. Ann Surg 1987; 205:256-63 72 
Sesto ME, Vogt DP, Hermann RE Surgery 1987; 102:846-51 73 
Brown DA, Pommier RF, Woltering EA, et al. Arch Surg 1988; 123:1063-6 74 
Stephenson ICR, Steinberg SM, Hughes KS, et al. Ann Surg 1988; 203:679-87 75 





cumulated significant data that provide a less-selected 
picture of outcome, few of the data are new. Most of the 
patients have also been included in individual series. 
Composite data is particularly difficult to analyze because 
specific selection criteria from individual participating 
surgeons are no longer extractable from the larger data 
pool. For this discussion we have focused on outcome 
and predictors of outcome derived from the individual 


series and we refer to the Hughes et al. collection only 
where there are marked differences. 

Since the watershed hepatic metastasis resection studies 
of Foster*?:*?-*° and Adson et al.,4°~*® and the reemphasis 
of liver anatomy in the technical prerequisites of liver 
resection by Starzl and his colleagues’®’’ in the mid to 
later 1970s, the number of series reporting liver resection 
has increased dramatically and may soon equal the num- 
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TABLE 3. Collected Series of Colorectal Cancer Liver Metastasis Resection 


Author Journal Reference Number 
Foster JH, Berman MM Major Probl Clin Surg 1977; 22:1-342 33 
Hughes KS, Simon R, Songhorabodi §, et al. Surgery 1986; 100:278-84 34 
Hughes KS, Rosenstein RB, Songhorabodi §, et al. Dis Colon Rectum 1988; 31:1-4 35 
Hughes KS, Simon R, Songhoragodi S, et al. Surgery 1987; 103:278-88 36 
Gastrointestinal Tumor Study Group Protocol GI 6584 Submitted, 1989 26 





ber of patients appropriate to undergo liver resection. All 
of the series concur on the following points. Liver resection 
can be done safely. When patients with comorbid disease 
are excluded from the potential stress of 6-to-14 unit op- 
erative transfusion need and when the surgeon is adept 
at liver surgery, the postoperative mortality rate is less 
than 5%.*°?7? Reported postoperative mortality rates 
range from 3% to 20%.*’-” In our own series, first pub- 
lished in 1984,” expanded in 1985, and updated in 
1989,” the operative mortality rate has been stable at 3%. 
Although nowhere published, my guess is that most deaths 
may be blamed on technical errors as a proximate cause, 
but the more likely substantial error is in choosing to op- 
erate on a patient whose liver metastasis is beyond curative 


resection. As usual, judgment and technical expertise are 


= equally important in maintaining acceptable surgical 





standards. 
Several authors have implied that to dwell on low post- 
operative mortality rates is to ignore significant incidences 


= of morbidity after hepatic resection. This is wrong. Inci- 
= dence of morbidity is quite low and is best reflected by a 


median postoperative hospital stay of 10 and 12 days in 
our first and in our more recent series, respectively. The 
most frequent postoperative complication is biloma. This 
can occur after a right hepatic lobectomy or an extended 


right hepatic lobectomy when there is a good deal of un- 
filled space under the right hemidiaphragm. During the 
last several years this complication, which quite often only 
becomes apparent with temperature elevations after the 
patient is discharged, has been handled with percutaneous 
placement of a pigtail catheter using either CT or ultra- 
sound guidance. The patient is either not admitted to the 
hospital at all or, at most, for a one-day stay. 

Survival rate is depicted most often on Kaplan-Meier 
actuarial plots. One must be aware of degeneration from 
predicted to actual survival curves. Several of the series, 
including our own, have followed patients long enough 
to have actual survival data after hepatic metastasis re- 
section. Some of the patients who were followed for the 
longest are those operated on by Adson and colleagues. 
Five- and 10-year survival data have shown a plateau after 
hepatic metastasis resection. In a recent review of his ex- 
perience in the World Journal of Surgery,” Adson has 
shown that his long-term survivors have the same risk of 
death as their age-matched noncancer population cohort. 

Our studies show that 20% to 25% of patients will be 
free of disease 5 years after hepatic metastasis resection, 
and that the flat part of the survival curve begins at ap- 
proximately 5 years with good expectation that those who 
are cured are, in fact, permanently cured. The timing of 


TABLE 4. Factors Predicting Long-term Survival After Resection 


Primary CRC 

Patient 2 

Selected Number of ae Dukes 

Series Patients Sex Age Site Stage 
Foster** 78 + -= -- 
Logan*? 19 _ 
Morrow” 64 - 
Fortner” 65 + 
Wagner'® 141 + 
* Adson” 261 + — ~ + 
Steele” 30 - = 
Cady” 23 + — + 
August™ 33 ~ 
Ekberg” 72 — 

Iwatsuki®? 60 + 

Nordlinger” 80 — 
+Hughes**-*° 859 + + + 


* The Adson series contains patients also in the Wagner series. 
t Hughes et al. contains many cases from the other series. 
+ = yes. 


Latency Extrahepatic Size of Number of Resection 
1° — 2° METS METS METS Margin 
- + = 
+ - ~ 
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+ - + 
- - > + 
- > + 
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+ = equivocal. 
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secondary recurrence after hepatic metastasis resection is 
uniformly reported. Recurrences will be within 12 months 
in 80% to 90% of patients. Survival curves from represen- 
tative series are given in Figures 2 to 4 and the hepatic 
metastasis registry retrospective recapitulation of all the 
major individual series patients’ survival rates is shown in 
Figure 5. 

No comparable survival data is apparent in any of the 
natural history series or in any reports of alternative re- 
gional or systemic therapy for isolated liver metastases. 


Despite anecdotal reports of long-term survivors with un-: 


treated regional recurrence of colon or rectum cancer,'? 
no survival curve plateaus have ever been shown except 
in patients after successful surgical resection. Only in this 
small, admittedly select group is cure possible. 


Patterns of Failure 


Analysis of failure after successful hepatic metastasis 
resection is also valuable to assess possible benefit to the 
patient. A review of the patterns of failure data from 
available individual series, and as summarized in the 
Hughes et al.” tumor registry, is given in Table 5. 

Because patient selection among the individual series 
is varied, the patterns of failure found after surgery also 
varied. One can occasionally infer obvious inclusion cri- 
teria that are inappropriate. For instance, several groups 
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FiG. 2. Cumulative probability of survival (%) of 141 patients related to 

years of survival after resection of hepatic metastases from colorectal 


cancer. N = number of patients available for observation at 5, 7, and 9 
years. After 5 years, observed survival rate parallels expected survival.” 


have included patients for resection despite finding extra- 
hepatic abdominal disease. Naturally, all of these patients 
failed, usually quickly, often with diffuse abdominal re- 
currence." None of these patients should undergo hepatic 
resection. 

Our initial analysis of failure after hepatic metastasis 
resection surprised us. We had expected the residual or 
regenerated liver to be the most probable site of secondary 
recurrence. However, many successfully operated patients 
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FIG. 4. Survival (—) and disease-free survival (—) rates for 859 patients 
who have undergone hepatic resection for colorectal carcinoma metastases 
to the liver.” 


who eventually experience secondary recurrence no longer 
die from progression of their liver-only disease. Our data 
was based on an early series of only 40 colon or rectum 
carcinoma patients who underwent successful resection 
of their liver metastases. Pulmonary secondary recurrence 
was by far most prevalent among those who failed. We 
speculated on three possible causes. Occult disease in the 


lung might not be discoverable by any of our preoperative 
= “staging procedures. Liver metastasis resection could have 
= seeded tumor to the lung or stimulated the growth of al- 

= ready-present occult disease in the lung. The rate of growth 


of the pulmonary metastases might be different than the 
rate of growth of the liver metastases and simply not have 
been evident in patients who otherwise would have died 
had their liver disease not been successfully resected. There 
is no way to decide among these possibilities. Nevertheless, 
analysis of patterns of failure in our patients led to a con- 
clusion shared by other investigators. Successful resection 
of isolated recurrence from colon and rectum carcinoma 
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does change the natural history of the disease and probably 
changes the proximate cause of death in patients who 
ultimately fail. Although other investigators have con- 
firmed that extrahepatic failure is predominant in their 
patients who have secondary recurrence after initially 
successful hepatic metastasis resection, most have noted 
that eventually the residual or regenerated liver will be- 
come a part of a disseminated disease pattern. 

All of these analyses agree that the 70% to 75% of pa- 
tients who fail after surgical resection could benefit from 
adjuvant systemic therapy, if it were available. 


Predictors of Success 


As summarized in Table 4, multiple factors may predict 
long-term survival after hepatic metastasis resection. Very 
few have been uniformly confirmed by individual inves- 
tigators. To some extent this is because the clinical phe- 
nomena being measured do not have any straightforward 
biologic meaning. For instance, to ask if the size of an 
individual hepatic metastasis is related to survival after 
resection is probably a biologically unclear question. If 
an isolated liver metastasis is followed over a long period 
of time and the tumor, although large, has not grown 
significantly, the patient undoubtedly has a better chance 
of surviving in the long-term after resection than if the 
same size tumor had, in fact, been growing quickly. In 
addition, if one looks at two similarly sized isolated me- 
tastases that are small, presumably the metastasis located 
in the lateral aspect of the right lobe might be easier to 
resect than the 2-cm to 3-cm metastasis sitting in the 
depths of the right lobe, nestled between the vena cava 
and the origin of the right hepatic vein. Technical con- 
siderations and status of tumor-free or “dirty margins” 
will affect patient outcome, despite similarity in size. 

The question of latency between primary tumor resec- 
tion and hepatic metastasis diagnosis and outcome after 
metastasis resection is not as straightforward biologically 
as it may seem. It is likely that most patients with clinically 


TABLE 5. Patterns of Recurrence* 





Known Sites of Recurrence 





Selected Number of Number with Hepatic 

Series Year Patients Recurrence Only Extrahepatic Both 
Rajpal®! 1982 30 11 11 
Fortner®’ 1984 37 18 5 13 
Nims” 1984 10 7 4 3 
Steele”? 1984 30 13 3 10 
August 1985 33 20 11 5 
Cady*? 1985 23 7 7 
Petrelli® 1985 36 21 3 4 . 14 
Gennari”? 1986 48 22 10 7 5 
Butler“! 1986 62 38 10 10 - 10 
+Hughes** 1986 899 607 88 259 154 





* As modified, with permission, from Greenway, B. Br J Surg 1988; 
75:513-9. 


+ Hughes et al. contains many cases from the other series. 
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evident primary or metastatic colon and rectum cancer 
are at the latter stages of the natural history of their disease. 
Therefore, what appear to be major differences in latency 
between primary and secondary tumor diagnosis may ac- 
tually be a very short interval in the overall natural history 
of the disease process. Clinically monitored latency would 
not be a particularly good predictor of survival except in 
the most extreme cases. 

The impact of the primary colon or rectum carcinoma 
stage or site in the colorectum may or may not be related 
to outcome. Sex of the patient was found to be a discrim- 
inant factor only in some studies. And for the reasons 
noted above, whether the metastasis is diagnosed at the 
time of the primary tumor resection or later may or may 
not be related to patient survival after hepatic metastasis 
resection in the various series. 

Despite difficulties in agreeing on all predictors and 
despite the complicated biology in any attempt to establish 
clinical prognostic criteria, there is some agreement on 
rules (Table 6). A patient with more disease in his liver 
will be less likely to be cured after hepatic metastasis re- 
section than a patient with fewer apparent metastases. We 
do not perform major liver resection if more than three 
liver metastases are evident before operation. Bilobar in- 
volvement does not seem to matter. Patients found at 
surgery to have extrahepatic disease should not undergo 
hepatic metastasis resection. Age of a patient is unrelated 
to subsequent survival. 

If tumor is left at the margin after liver resection, the 
patient will not be cured. Several investigators have at- 
tempted to define precisely what an adequate tumor-free 
margin should be.?”™5 Although no agreement exists con- 
cerning I-cm versus 2-cm margins, clearly most liver me- 
tastases do not have associated satellite lesions and the 
choice of resection should be based on the anatomic lo- 
cation of the lesion and the goal of obtaining pathologi- 
cally defined, tumor-free surgical margins. 

Although hepatic resection for colorectal cancer me- 
tastasis is never an “emergency” procedure, there are 
practical reasons to avoid extreme delay from diagnosis 
to resection. First, the biologic question of whether me- 
tastases, themselves, metastasize is still not definitively 
answered. Second, if one ignores an indolent isolated me- 
tastasis long enough, a technically straightforward resec- 
tion may become more difficult or impossible. And third, 
most of us see patients in referral who are usually psy- 
chologically prepared for surgery. Few of our own patients 
are enthusiastic when we tell them that a measured delay 
until their resectable liver metastasis is removed may be 
an important biologic experiment to make sure that their 
disease falls into the “good biology” category. Most would 
prefet an aggressive approach giving them the benefit of 
the doubt. A balance must be sought between the paralysis 
of biologic speculation and the hubris of surgical aggres- 
sion. For practical purposes we usually suggest no more 
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RESECTION OF HEPATIC METASTASES 


TABLE 6. Rules to Obtain Best Outcome 


. Resect metastases only from colorectal cancer primary 
. Resect only when no comorbid disease 

. Resect only when no extrahepatic recurrence 

. Resect three or fewer metastases (either uni- or bilobar) 
. Resect all disease (i.e., obtain tumor-free margins) 
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than a l-to-3 month delay between the preoperative stag- 
ing studies and scheduled surgical resection. 

Hughes et al.*°"° have tried to analyze all long-term 
survivors to see if they have broken any or all of the usual 
rules predicting failure after hepatic metastasis resection. 
Interestingly, there is no completely effective way to pre- 
dict which patients who have resectable liver metastases 
will do well and which will not. Thus, in the absence of 
any other curative therapy for these patients, the judgment 
of adept surgeons will determine the patient’s operative 
course. 


Future Possibilities 


Analysis of clinical results has already led to adjuvant 
treatment protocols after resection of hepatic metas- 
tases. 7? Most such trials are targeted at the second- and 
third-line failure sites, including residual liver, lung, and 





systemic recurrence noted above. The weak link in these 
adjuvant therapy approaches is the ineffectiveness of 
present systemic therapy.*® Perhaps biologic response 


modifier approaches will be more effective in this group 
of patients. However, it seems unlikely that Interleukin- 


2/Lymphokine Activated Killer cells (IL2/LAK) will be > 


useful in any patients with advanced colon and rectum 
adenocarcinoma.*! Expansion of tumor infiltrating lym- 
phocytes to enable injection of specific cytolytic T cells is 
conceptually appealing but still completely experimental. 

Technical improvements, such as intraoperative ultra- 
sound to improve staging and to monitor cryosurgical 
therapy, have recently enabled better selection of patients 
who will benefit from regional therapy and have decreased 
surgical risk for those with comorbid disease.** Our orig- 
inal hope was that cryosurgery would allow multiple liver 
metastases not amenable to resection to be treated re- 
gionally. In addition, we postulated that patients who had 
tumors contiguous to major hepatic veins or the vena 
cava that were not resectable could have their tumors fro- 
zen in situ. After investigating 25 cryosurgically treated 
patients we have changed our goals.’ Specifically, if pa- 
tients have liver tumors not amenable to resection because 
of contiguity with major vessels, generally they can not 
be cured by freezing either because blood flow through 
major vessels will not allow contiguous tumor cells to be 
adequately cooled. Second, technical inadequacies, probe 
shape, and lack of pliability does not allow application of 
multiple freeze/thaw cycles to more than four or at most 
five liver metastases in any individual patient. Further- 
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more, metastases must be accessible to probe placement 
(i.e., not high over the dome of the right lobe). Thus, the 
hope for an increase in patients appropriate for regional 
therapy has not occurred. What has evolved is the gradual 
substitution of cryosurgical ablation in place of resection, 
particularly in high-risk patients. Early indications show 
that the survival curves of cryosurgically treated patients 
may be the same as our patients who have had successfully 
resected liver metastases. Confirmation by other investi- 
gators, greater numbers, and median follow-up in our se- 
ries will be necessary before this becomes a conventionally 
applied alternative to surgical resection. 

Application of conventional and new serologic markers 
to patients undergoing therapy for isolated regional liver 
recurrence has allowed us to define a semi-quantitative 
relationship between CEA and tumor volume,® and has 
helped to define the kinetics of CEA fall after complete 
or incomplete liver metastasis resection.” Serial CEA 
monitoring after successful freezing of liver tumors gives 
a completely different slope of decline, presumably be- 
cause the frozen tumor is left in situ (Figs. 5A and B). 

Molecular biologic probes, which will eventually predict 
what primary colon and rectum cancers will metastasize 
and where, are presently being investigated.** The char- 
acterization of various cell-surface and transmembrane 
receptors, such as EGFr and laminin binding molecules, 
on primary tumor, regional lymph node metastases, and 
hepatic metastases from the same patient will help us elu- 
cidate the mechanisms of invasion and site-specific me- 
tastases.*° 

Key future goals will be to predict the biologic behavior 
of colorectal carcinomas with precision and to predict 
which regional metastases do not represent early markers 
of widespread systemic recurrence. Until we can prevent 
metastases altogether or have available effective systemic 
therapy options, we must continue to use excellent clinical 
judgment to select the most appropriate patients with liver 
metastases for surgical resection. We must continue to 
improve our surgical techniques and refine our approaches 
based on analysis of immediate and long-term failure. 


_ And we must remember that currently surgery offers the 


only hope of cure to these patients. 
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INDICATIONS AND USAGE 
UNASYN ts indicated for the treatment of infections due to susceptible 


strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 


normal and chronic wounds. 


Institute. 
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strains of Staphylococcus aureus. Escherichia coli.* Klebsiella spp * 
including K. pneumoniae*). Proteus mirabilis.* Bacteroides fragilis.* 
nterobacter spp..* and Acinetobacter calcoaceticus * 
Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia coli. Klebsiella spp. (including K. pneumoniae*). Bacteroides 
spp. (including B. fragilis), and Enterobacter spp.* 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli.* and Bacteroides spp * (including B fragilis*) 
*Efficacy for this organism inthis organ system was Studied in fewer than 10 
infections 
While UNASYN®* (ampicillin sodium/sulbactam sodium) ıs indicated only 
for the conditions listed above. infections caused by ampicillin-susceptible 
organisms are also amenable to treatment with UNASYN dueto its ampicillin 
content. Therefore. mixed infections caused by ampicillin-susceptible 
Organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 
The use of UNASYN is contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS. THERE HAVE BEEN 
INDIVIDUALS WITH AHISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS. BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILL!INS. CEPHALOSPORINS. AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT. INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A high percentage of patients with mononucleosis who receive 
ampicillin develop askin rash. Thus. ampicillin class antibiotics should not 
be administered to patients with mononucleosis. In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
gens should be kept in mind during therapy If superinfections occur 
(usually involving Pseudomonas or Candida), the drug should be discon- 
tinued and/or appropriate therapy instituted 
Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam. Concurrent use of probenecid with UNASYN may 
result in increased and prolonged biood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone. Itis not known whether this 
potentiation of ampicillin rashes is due to allopurinol or the hyperuricemia 
present in these patients There are no data with UNASYN and allopurinol 
administered concurrently. UNASYN and aminoglycosides should not be 
reconstituted together due to the in vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 
Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
peel af glucose in urine using Clinitest “, Benedict's Solution or 
ehlings Solution. It is recommenced that glucose tests based on en- 
zymMatic glucose oxicase reactions (such as Clinistix™” or Testape ~) be 
used. Following administration of ampicillinto pregnant women. atransient 
decrease in plasme concentration of total conjugated estriol. es- 
triolgiucuronide, conjugated estrone, and estradiol has been noted This 
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The 3rd International Symposium on Tissue Repair will provide an inter-disciplinary forum for the 
presentation and discussion of new therapeutic approaches, both clinical and experimental, to tissue repair in 


The program is being sponsored by a grant from Johnson & Johnson Patient Care, Inc. and 
organized/conducted by Symposia Medicus with co-sponsorship from the University of Miami Wound Care 


A world renowned faculty has been assembled to cover topics including: 


Anatomy, Pathophysiology & Clinical Spectrum of Venous, Diabetic and Decubitis Ulcers 
Circulation and Oxygen Delivery in Chronic Wounds e Biological Tissue Coverage ` 
Combination Therapy with Growth Factors e Matrix Components and their Role in Wound Healing 
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Clinical Experience with Growth Factors e Pharmacological Approaches to Wound Repair. z 
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Belvedere at Greenspring, Baltimore, MD 21215. 
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effect may also occur with UNASYN GA 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 
enic potential 
regnancy 

Pregnancy Category B: Reproduction studies have been performed in mice 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN. There are. however, no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy 
only if clearly needed. (See—Drug/Laboratory Test Interactions ) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone. frequency of 
contractions. height of contractions. and duration of contractions How- 
ever, itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects onthe fetus. prolongs the 
duration of labor or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore, caution should be exercised when UNASYN 
is administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been establisned 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated. The following adverse reactions nave 
been reported 
Local Adverse Reactions 

Pain at IM injection site—16% 

Thrombophliebitis—3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3°o of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
ae nausea. vomiting. candidiasis, fatigue, malaise. headache. chest 
pain. flatulence. abdominal distension. glossitis. urine retention, dysuria 
edema. facial swelling. erythema. chills. tightness in throat. substernal 
pain. epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 

Hepatic: Increased AST (SGOT). ALT (SGPT). alkaline phosphatase. and 

LDH 

Hematologic. Decreased hemoglobin. hematocrit. RBC. WBC. neu- 

trophils. lymphocytes. platelets and increased lymphocytes. mono- 

cytes. basophils, eosinophils. and platelets 

Blood Chemistry. Decreased serum albumin and total proteins 

Renal increased BUN and creatinine 

Urinalysis’ Presence of RBC’s and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis. black “hairy tongue. enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria, erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported These reactions 
may be controlled with antihistamines and. if necessary, systemic cortico- 
Steroids. Whenever such reactions occur. the drug should be discontinued 
unless the opinion of the physician dictates otherwise. Serious and occa- 
sional tatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins. All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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Nothing comes closer to 100% activity | 


against anaerobes in vitro. It’s a fact. Studies have 


proved no other antibiotic superior to UNASYN in overall 
antianaerobic activity." Not 


oF used to think only two <n ag Not metronidazole. 
Imn And that’s nothing to overlook— 


given the importance of anaerobes in 


things in life were certain. 
today’s mixed infections. 


Though clinical results may not 


always mirror those obtained in vitro, there’s a world of 
confidence in choosing UNASYN for presumptive therapy of 


the mixed infections* you see every day 
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INDICATIONS AND USAGE 

UNASYN js indicated for the treatment of infections due to susceptible 
Strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 


ASSISTANT DIRECTOR 


strains of Staphylococcus aureus. Escherichia coli,* Klebsiella spp * 
including K pneumoniae*). Proteus mirabilis,* Bacteroides fragilis.* 
Enterobacter spp..* and Acinetobacter calcoaceticus * 

intra-Abdominal Infections caused by beta-lactamase producing Strains of 
Escherichia coli, Klebsiella spp. (including K. pneumomae*). Bacteroides 
spp. (including 8. fragilis), and Enterobacter spp.* 

Gynecological Infections caused by beta- actamase producing strains of 
Escherichia coli. * and Bacteroides spp * (including 8 fragilis*) 

"Efficacy for this organism in this organ system was Studied in fewer than 10 
infections 

While UNASYN®* (ampicillin sodium/sulbactam sodium) ıs indicated only 
for the conditions listed above. infections caused by ampicillin-susceptible 
organisms are also amenab eto treatment with UNASYN dueto its ampicillin 
content Therefore, mixec infections caused by ampicillin-susceptible 
organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 

The use of UNASYN is contraindicated in individuals with a history of 
nypersensitivity reactions to any of the penicillins 

WARNINGS 

SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH AHISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS. BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS. CEPHALOSPORINS. AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT. INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 

PRECAUTIONS 

General: A high percentage of patients with mononucleosis who receive 
ampicillin develop askin rash. Thus. ampicillin class antibiotics should not 
De administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
gens should be kept in mind during therapy If superinfections occur 
(usually involving Pseudomonas or Candida). the drug should be discon- 
tinued and/or appropriate therapy instituted 

Drug Interactions: Proberecid decreases the renal tubular secretion of 
ampicillinand sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone Itis not known whether this 
potentiation of ampicillin rashes is due to allopurinol or the hyperuricemia 
present in these patients. There are no data with UNASYN and allopurinol 
administered concurrently UNASYN and aminoglycosides should not be 
reconstituted together due to the in vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 

Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin High urine concentrations of 
ampicillin may result in talse positive reactions when testing for the 
poe af glucose in urine using Clinitest™, Benedict's Solution or 
ehlings Solution It is recommended that glucose tests based on en- 
zymMatic glucose oxidase reactions (such as Clinistix’” or Testape ~) be 
used Following administration of ampicillintopregnantwomen. atransient 
decrease in plasma concentration of total conjugated estriol. es- 
trioiglucuronide. conjugated estrone. and estradiol has been noted This 
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effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 
enic potential 
regnancy 

Pregnancy Category B: Reproduction studies have been performed in mice 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN There are. however, no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy 
only if clearly needed (See—Drug/Laboratory Test Interactions ) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone, frequency of 
contractions. height of contractions. and duration of contractions How- 
ever. itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on the fetus. prolongs the 
duration of labor. or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore, caution should be exercised when UNASYN 
ıs administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated The following adverse reactions have 
been reported 
Local Adverse Reactions 

Pain at IM injection site—16°% 

Thrombophlebitis—3%o 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3°o of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
ie: nausea. vomiting. candidiasis. fatigue, malaise. headache. chest 
pain. flatulence, abdominal distension, glossitis. urine retention, dysuria 
edema. facial swelling. erythema, chills, tightness in throat. substerna 
pain, epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 

ee Increased AST (SGOT). ALT (SGPT). alkaline phosphatase and 

LDH 

Hematologic Decreased hemoglobin. hematocrit. RBC. WBC. neu- 

trophils, lymphocytes. platelets and increased lymphocytes. mono- 

cytes. basophils. eosinophils. and platelets 

Blood Chemistry. Decreased serum albumin and total proteins 

Renal. Increased BUN and creatinine 

Urinalysis. Presence of RBC’s and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis. black hairy tongue. enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported These reactions 
may be controlled with antihistamines and, if necessary. systemic cortico 
steroids. Whenever such reactions occur, the drug should be discontinued 
unless the opinion of the physician dictates otherwise Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins. All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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Lower antibiotic costs without lowering 

your standards. UNASYN costs at least 40% less per 

day than clindamycin/gentamicin or cefoxitin." Yet UNASYN 
is at least as effective in a variety 


“We need gold-standard o mixed infections. 


And in some studies versus combi- 


res ults that don’t cost nation therapy, patients treated with 


a fortune.” 


A division of Pfizer Pharmaceuticals 
*Due to susceptible strains of indicated organisms 


Please see brief summary of prescribing information 
on adjacent page 
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UNASYN spent fewer days in 
the hospital.?"°" 
So, look to UNASYN for highly 
effective, highly affordable therapy in mixed infections* 
every day. 
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Esophageal/duodenal decompression is 12-14 times more efficient than 
gastric aspiration of alternative devices.* "Enteral hyperalimentation” begins 


immediately postop, with reported decreased sepsis, wound problems and Distri i 
markedly shononed LOS." Distributed By 
Moss Tubes, Inc. 
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\ fo¥+>uaed Gastrostomy Tube 


® Gerald Moss, PhD, MD, FACS 


CASE # 24 AGE: 55 SEX: FEMALE 

DIAGNOSIS: CECAL CARCINOMA 

SYMPTOMS: ANEMIA (Hg 6 gm/dl) 

OPERATION: RIGHT HEMICOLECTOMY & GASTROSTOMY 


The patient had a right hemicolectomy with stapled (U.S. 
Surgical Corp) anastomosis and fascia closure and a MOSS® 
gastrostomy tube. The stomach and proximal duodenum were 
aspirated, with immediate simultaneous feeding into the distal 
duodenum. 


Barium feeding 5 hours postop documented adequate 
motility. The deliberate excess was totally removed. No 
contrast (i.e.: excess feeding) escaped efficient aspiration 
within the proximal duodenum, to reflux into the stomach. 
(Figure A) Serial motility study showed barium had traversed 
the anastomosis and colon, and already was exiting in a 
spontaneous bowel movement by 21 hours postop. (Figure C) 


She received 300 mli/hr of Vivonex TEN (Norwich Eaton 
Pharm), absorbed 5,000 kcal the initial 20 hours, and then 
tolerated a general diet. She was the 4th patient discharged 
uneventfully 24 hours after bowel resection and reanastomosis. 


Motility @ 4 hours (9 hours postop). 
All barium is within the ileum. 





A. Study @ 5 minutes (5 hours postop). 
Note efficient removal of all excess barium, 
with none reaching the stomach. 








C. Motility @ 16 hours (21 hours postop). 
Barium is exiting in a spontaneous bowel 
movement. 


Call MOSS TUBES, INC (518) 674-3109 for introductory sample and literature. 
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Ulcerogenic Tumor Syndrome of the Pancreas 
Associated with a Nongastrin Acid Secretagogue 





WILLIAM Y. CHEY, M.D., TA-MIN CHANG, PH.D., KAE Y. LEE, M.D., GANG SUN, M.D., CHOON K. KIM, M.D., 
CHUL H. YOU, M.D., DAVID L. HAMILTON, M.D., ASHOK SHAH, M.D., JONG-CHUL RHEE, M.D., 


Among 30 patients with islet cell neoplasms or hyperplasia who 
exhibited marked gastric acid hypersecretion and peptic ulcer- 
ation and/or diarrhea, fasting plasma gastrin concentrations were 
less than 150 pg/ml in 11 patients, whereas the remaining 19 
patients had hypergastrinemia. Plasma extracts from seven of 
these 11 patients were assayed for acid secretagogue activity in 
rats. All seven plasma extracts had secretagogue activity that 
was not found in the plasma extracts of ten patients with ordinary 
duodenal ulcer disease. Each of the tumor or pancreatic tissue 
extracts obtained from nine patients exhibited secretagogue ac- 
tivity in rats even though tissue gastrin content was 101.9 pmol 
(213.8 ng) - g' or less. The secretagogue activity of the tumor 
extracts was confirmed in conscious gastric fistula dogs. The 
tumors’ secretagogue activity, in contrast to gastrin, was de- 
stroyed by trypsin. It was eluted between porcine motilin and 
human gastrin I from a Sephadex G-50 (Pharmacia LKB Bio- 
technology, Inc., Piscataway, NJ) superfine column and was not 
retained by CM-cellulose, at pH 8.5. Its retention time during 
reverse phase HPLC on a Cg column also differed from those 
of G17 and G34. Thus, this secretagogue activity appeared me- 
diated by a small, acidic peptide with a molecular size of about 
2000 to 3000 daltons. The present study indicates that plasma 
and tumor extracts of these 11 patients contain a gastric acid 
secretagogue activity mediated by a nongastrin peptide. We sug- 
gest that what may be a distinct clinical entity associated with 
endocrine neoplasms of the pancreas should be considered in 
the face of excessive acid hypersecretion without fasting hyper- 
gastrinemia. 


LTHOUGH AN ASSOCIATION BETWEEN peptic ul- 
ceration and islet cell tumors of the pancreas 
without hypoglycemia was recognized several 
decades ago,'* Zollinger and Ellison were the first to in- 
dicate that gastric hypersecretion of acid in interdigestive 
state was a significant pathophysiological factor respon- 
sible for the syndrome associated with peptic ulceration 
and/or diarrhea and nonbeta islet cell tumor of the pan- 
creas.? They suggested that a humoral factor released from 
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the tumor could be responsible for gastric acid hyperse- 
cretion in these patients.* Subsequently the tumors as- 
sociated with this syndrome were found to contain gas- 
trin.*° With successful development of radioimmunoas- 
say for gastrin it became known that these patients had 
high circulating gastrin levels’”"* and the term “‘gastrinoma 
syndrome”? came into use. However, we recently found 
that some patients with marked gastric acid hypersecretion 
associated with islet cell tumors did not have hypergas- 
trinemia but their tumor extracts contained a nongastrin 
acid secretagogue.'? 

This communication contains our latest observations 
on the clinical and laboratory features of these patients, 
as well as the biologic and chemical characteristics of the 
tumor extracts. 


Materials and Methods 


Thirty consecutive patients with hypersecretion of acid, 
peptic ulceration, and/or watery diarrhea were evaluated. 
Among these 30 patients, the basal acid output of 24 pa- 
tients with an intact stomach was greater than 15 mEq/ 
hour. In 19 patients, fasting plasma or serum gastrin con- 
centration was 159 pM (334 pg/ml equivalent to human 
gastrin I) or higher with a mean + standard error of 370.5 
+ 53.2 pM (777 + 112 pg/ml), and in the remaining 11 
patients the gastrin level was lower than 68.2 pM (143 
pg/ml). Three diagnostic investigations were routinely 
performed in these 11 patients including upper gastroin- 
testinal endoscopy, gastric secretory test to determine basal 
and maximum acid output in response to intramuscular 
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solved in 10% charcoal treated hormone-free plasma as 


one third of the pancreas was surgically resected for his- 
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í injection of pentagastrin, 6 wg-kg ! as described previ- same manner as described for other peptides,'*'° and each 
i ously,'' and determination of plasma gastrin concentra- column was percolated with 2.5 to 5.0 ml of plasma. The 
: tions in response to intravenous injection of pure porcine combined eluates then were dried and reconstituted in 
3 secretin (2 clinical units: kg ').'? In addition, plasma gas- Dulbecco’s phosphate buffered saline (DPBS) containing 
X trin concentration was determined in response to ingestion 1% bovine serum albumin for bioassay. Plasma samples 
) ofa meal in some of these patients and patients with duo- were also obtained from 10 patients with ordinary duo- 
i denal ulcer disease. Serial peripheral venous blood samples denal ulcer disease with normal plasma gastrin and basal 
p were obtained in heparinized tubes before and after inges- acid output of less than 10 mEq: hr`'. They were extracted 
3 tion of a standard meal consisting of cooked ground beef by the same method. 
à (60 g), two slices of bread, 150 ml of brewed coffee, and The tumors or pancreatic tissues were obtained from 
i 120 ml of orange juice. Plasma was separated from the 11 patients, including nine patients with plasma gastrin 
F whole blood by refrigerated centrifuge at 3000 rpm and concentrations less than 68.2 pM (143 pg/ml), one patient 
p was stored at —20 C for later radioimmunoassay of gastrin with proved gastrinoma whose plasma gastrin concentra- 
S and secretin. tion exceeded 455 pM (956 pg/ml), and one patient with 
3 Radioi PSIE: adenocarcinoma of the pancreas without hypersecretion 
adioimmunoassay Procedures : 3 l 
z or hypergastrinemia. In four patients, including three pa- 
b Radioimmunoassay of plasma was carried out as de- tients with islet cell cancer of the pancreas and the patient 
3 scribed previously'* with minor modification. In each in- with pancreatic adenocarcinoma, tumor tissues were ob- 
F cubation mixture, an aliquot of 0.2 ml of plasma sample tained within four hours after they were pronounced dead. 
E. was incubated in a final volume of 1.5 ml in 50 mM Tris In six of the seven remaining patients who had hyperse- 
; HCI, pH 7.8 containing 0.1% BSA and 0.02% NaN, with cretion of acid but not hypergastrinemia, tumors or pan- 
E antigastrin serum (R-5-9a) at a final dilution of 1:250,000. creatic tissues were obtained during surgical exploration 
P: Human gastrin-I was used as standards. The standards (3 of the abdomen. At surgical exploration, when exami- 
i to 500 pg/tube) and '*°I-gastrin (5000 cpm/tube) was dis- nation of the pancreas failed to reveal a tumor, the distal 
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described.'* The reaction mixture was incubated at 4 C 
for 72 hours, then the bound and free counts were sepa- 
rated by adding plasma- and dextran-coated charcoal.'* 
Both bound and free counts were then counted in an LKB 
model 1274 RIA Gamma Counter (LKB Instruments, 
Inc., Gaithersberg, MD). The antiserum was highly spe- 
cific for gastrins and reacted equally well with both sulfated 
and nonsulfated forms of human G-34 and G-17. Cross 
reactions with CCKs were low with CCK-33 and CCK- 
39 cross reacted at 10%, while CCK-8 reacted at 5% of 
gastrin. Pentagastrin cross reacted by only 2%. Thus, the 
antiserum was specific for C-terminal region of gastrin. 
Other unrelated gastrointestinal and pancreatic hormones 
and peptides, including secretin, VIP, somatostatin, pan- 
creatic polypeptide, neurotensin, peptide YY, motilin, 
bombesin- or gastrin-releasing peptide, insulin, and glu- 
cagon, that were tested did not cross react with the anti- 
gastrin serum at all. The 95% confidence assay limit cal- 
culated by dividing 2 standard deviation of binding ratio 
determined at zero unlabeled gastrin (bound to total ratio, 
B/T; n = 4) by the initial slope of the standard curve of 
B/T versus unlabeled gastrin dose was 1.2 pg/assay tube 
or 2.8 pM in the plasma. 

Radioimmunoassay of secretin was carried out by the 
ethanol extraction method as described.'° 


Preparation of Plasma Extracts and Tumor Extracts 


The plasma samples were extracted on a column of 
XAD-2 resin (3 ml bed in a 5 ml disposable pipet) in the 


tological examination. Both tissues were also processed 
for immunohistochemistry of neuron-specific enolase!®'” 
and gut peptides as described previously. '™'" The tissues 
were processed for extraction of gastric acid secretagogues. 
The tissues were cut into 1-cm° cubes immediately after 
they were obtained and were boiled in water for ten min- 
utes. The tissue and water extracts were cooled at 4 C, 
separated, and stored at —60 C until further processing. 
The tissues were thawed before they were homogenized 
in five volumes of H,O with pH adjusted to 9.2 with 
NH,OH. Mercaptoethanol was added to 0.1% and the 
homogenates were stirred for one hour at 4 C and were 
centrifuged at 29,100 X gay in a Beckman J2-21 centrifuge 
(Beckman Instruments Incorporated, Fullerton, Califor- 
nia) for 20 minutes at 4 C. The supernates were collected 
and the pellets were extracted again with five volumes of 
the alkaline H2O with mercaptoethanol and centrifuged. 
The supernates were pooled and freeze dried. The volume 
of the extracts and the weight of the freeze-dried materials 
were both recorded. Before bioassay and radioimmu- 
noassay for gastrin, the freeze-dried material was weighed 
and redissolved in DPBS containing 0.1% BSA. 


Bioassays of Tumor and Plasma Extracts 


Bioassays in anesthetized rats. After fasting for 24 
hours, except for access to drinking tap water, Sprague- 
Dawley rats weighing 280 to 300 g were anesthetized: by 
intraperitoneal injection of 25% urethane, 0.7 ml/100 g 
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of weight. As described previously,'° after one-hour col- 
lection of gastric effluent, pentagastrin 100 ng was ad- 
ministered intravenously. If gastric secretion of acid was 
not increased by pentagastrin, the experiment was dis- 
carded. This occurred very rarely. When the gastric acid 
secretion returned to the level before pentagastrin injection 
for 30 minutes, a tumor extract equivalent to 0.4 to 0.5 
g wet weight of tumor tissue or plasma extract equivalent 
to 5 to 8 ml of plasma was administered intravenously to 
study acid secretory response. For determination of acid- 
ity, 2 ml of each ten-minute gastric effluent was added to 
20 ml of deionized water in a plastic cup and was stirred. 
Using an automatic titrator (Fisher Titrimeter II Titration 
System; Fisher Scientific Company, Pittsburgh, Pennsyl- 
vania), the acidity of the diluted perfusate was titrated 
with a standard solution of 0.01 N NaOH using an end- 
point pH of 7.4. The rate of acid secretion was expressed 
in microequivalents per ten minutes. Acid secretagogue 
activity was defined as follows; 1 unit is equal to 50%, 2 
units 100%, 3 units 150%, 4 units 200%, 5 units 250%, 6 
units 300%, and so on, of the acid output per hour pro- 
duced by intravenous injection of 100 ng of pentagastrin. 

Bioassays in conscious dogs. In three dogs prepared 
with gastric cannulas,'? tumor extracts obtained from islet 
cell carcinomas of two patients (Patients 8 and 9) were 
tested to determine whether the extracts stimulate gastric 
secretion of acid in this species. The tumors were obtained 
during abdominal exploratory laparotomy. After 18 hours 
fasting, the dogs were placed on Pavlov stands. The gastric 
cannulas were opened and were gently irrigated with 
lukewarm tap water. A small plastic catheter was placed 
in a peripheral vein of a foreleg and was kept open by 
slow infusion of 0.15 M NaCl at a rate of 0.6 ml per 
minute. After gastric juice was collected continuously in 
a plastic tube in 15-minute samples, either pentagastrin 
or tumor extracts were administered intravenously and 
the collection of gastric juice was continued. The acidity 
of gastric juice was determined by titration of an aliquot 
of 0.5 ml with a standard solution of 0.05 N NaOH using 
end point pH of 7.4. The acid output was expressed in 
milliequivalent per 15 minutes. 


Partial Purification of Acid Secretagogue Activity from the 
Tumor Extract 


The tumor extract with acid secretagogue activity was 
partially purified successively by gel filtration, ion ex- 
change chromatography, extraction with Cig SEP-PAK 
cartridge, and reverse-phase high performance liquid 
chromatography (HPLC). The gel filtration step was car- 
ried out by percolating 2.8 ml of sample containing 84 
mg of the freeze-dried tumor extract (equivalent to 2.5 g 
tumar) through a column (3 X 34 cm) of Sephadex G-50 
(Pharmacia LKB Biotechnology, Inc., Piscataway, NJ), 
superfine packed and run in 2% ammonium bicarbonate 
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solution. Fractions of 2.8 ml were collected and the pres- 
ence of peptide or protein in each was monitored by ab- 
sorbance at 220 nm and 280 nm. An aliquot of 0.5 ml 
was taken from each fraction and aliquots from every 
three fractions were pooled and freeze-dried before being 
redissolved in 1 ml of DPBS/BSA for bioassay. Fractions 
containing acid secretagogue activity were then pooled 
and freeze-dried. The sample (5 mg) was redissolved in 
20 mM NH,HCO; and then applied onto a column of 
carboxymethyl cellulose (CM-cellulose; CM-32, What- 
man, 0.9 X 18 cm) equilibrated in 20 mM NH,HCO,, 
pH 8. The column was washed with 30 ml of the same 
buffer before being eluted with a linear gradient of am- 
monium bicarbonate from 20 to 500 mM, 100 ml in each 
reservoir. Fractions of 3.3 ml were collected and moni- 
tored for protein at Az.) nm. The bioactivity was not re- 
tained by the column and was eluted by 20 mM 
NH,HCO3. These fractions were pooled and freeze dried. 
The freeze-dried material was then dissolved in 2 ml H,O 
and subjected to extraction on a Cig SEP-PAK cartridge 
(Waters Assoc., Milford, MA). Before application of the 
sample, the SEP-PAK cartridge was washed with 10 ml 


isopropanol followed by 5 ml of 2-propanol/acetonitrile/ 


0.1 M triethyl-ammonium formate pH 3 (5/2/3,v/v/v), 
which is the solvent B of HPLC, and then with 10 ml of 
H20. The sample was allowed to percolate through the 
cartridge, washed twice with 3 ml of H,O, and eluted with 
5 ml of 60% solvent B in HO (v/v) followed with 5 ml 
of solvent B. The bioactivity was found to be located only 
in the 60% solvent B eluate, which was then lyophilized. 
The material was redissolved in 35% solvent B in HO 
and was subjected to reverse-phase HPLC on a Varian 
MCH-10 Cig (Varian Assoc., Walnut Creek, CA) column 
(4 X 300 mm). The column, run at 0.5 ml/minute, was 
eluted for 10 minutes isocratically with 35% solvent B, 
increased to 40% B over the next 50 minutes, then raised 
to 47% Bin 5 minutes and held at that concentration for 
30 minutes before elevating to 100% B in 10 minutes. 
This system resolved most of the gut peptides and sepa- 
rated peptides capable of stimulating gastric acid secretion 
in anesthetized rats including CCK8, CCK33, G17, and 
G34 into well-resolved peaks. Fractions were collected 
every four minutes (2 ml) and each was freeze-dried before 
bioassay. 


Treatment of Tumor Extract with Trypsin 


Fourteen mg (equivalent to 0.42 g tumor) of tumor 
extract of Patient 8 (Table 1) was dissolved in 2 ml of 40 
mM sodium phosphate, pH 8.2, containing 0.1% bovine 
serum albumin and 150 mM NaCl, and was treated with 
250ug of L-1-tosylamide-2-phenylethyl chloromethyl ke- 
tone (TPCK)-treated trypsin (Sigma) for 30 minutes at 
37 C. The reaction mixture was then heated at 100 C for 
ten minutes. After being cooled, 500ug of soybean trypsin 
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TABLE 1. Clinical Features, Fasting Plasma Gastrin Concentrations, and Pathologic Condition in Patients with Gastric 
Acid Hypersecretion but Without Hypergastrinoma 
Acid Output 
(mEg/hr) Plasma 
Patient Age/ Gastrin 
No. Sex BAO MAO Clinical Features (pg/ml) Pathologic Condition 
1*! 62/M 5.3 12.3 Stomal ulcer, 109 {Malignant APUDoma of pancreas 
Esophageal ulcer, with distant metastases 
GI bleeding 
211 39/M 40.0 65.0 Duodenal ulcer 100 APUDoma cell hyperplasia of 
pancreas 
3 50/F 54.8 59.0 Stomach ulcer 82 Malignant APUDoma of the 
pancreas with distant metastasis 
4 59/F 30.6 81.9 Duodenal ulcer 60 APUDoma cell hyperplasia of 
pancreas 
5+! 51/F 1.6 17.5 Stomal, ulcer, GI 76 +Malignant APUDoma of 
bleeding pancreas with regional and 
distant metastases 
6t' 55/F 13.9 15.0 Stomal ulcer, GI 135 Malignant APUDoma of pancreas 
bleeding with regional and distant 
metastases 
7 63/M 64.9 78.0 Watery diarrhea, 68 
Duodenal ulcer, 
Positive secretin test 
8 51/M 53.9 64.7 Watery diarrhea, 142 Malignant APUDoma of pancreas 
Duodenal ulcer with distant metastasis 
9 64/M 21.6 55.3 Watery diarrhea, 28 Malignant APUDoma of pancreas 
Duodenitis with distant metastasis 
10* 44/M 9.1 20.8 Stomal ulcer, GI 42 Benign APUDoma of pancreas 
bleeding 
11 78/M 27.0 43.0 Obstructive jaundice 44 Malignant APUDoma in head of 


pancreas 





* Hemigastrectomy with truncal vagotomy. 
+ Subtotal gastrectomy with truncal vagotomy. 
t Whipple procedure without vagotomy. 


inhibitor (Sigma) was added. A control tumor extract was 
similarly treated without addition of trypsin in the incu- 
bation at 37 C. In addition, the extract of a typical gas- 
trinoma and 200 ng of human gastrin-I was similarly 
treated and bioassayed in anesthetized rats for com- 
parison. 


Results 


Clinical and Pathologic Features, Plasma Gastrin Con- 
centration, and Gastric Acid Secretion 


Of the 11 patients with marked gastric acid hyperse- 
cretion but without hypergastrinemia as summarized in 
Table 1, 10 had peptic ulcer disease with epigastric pain 
and 4 of these 10 patients also had watery diarrhea. The 
initial problem in one patient (patient 1 1) was obstructive 
jaundice resulting from a malignant APUDoma in the 
head of the pancreas. The basal acid outputs of seven 
patients (patients 2 to 4, 7 to 9, and 11) with intact stom- 
achs were greater than 21 mEq/hour with a mean + stan- 
dard error (SE) of 39.7 + 6.9; maximal acid outputs ranged 
from 43 to 81.9 mEg/hour with a mean + SE of 64.7 
+ 5.9. In four patients who had undergone either hemi- 


l These four patients were reported in part in a previous communi- 


cation.'® 


{ Postmortem examination. 


gastrectomy (patients 1, 6, and 10 with truncal vagotomy) 
or subtotal gastrectomy (patient 5 with truncal vagotomy), 
three patients with hemigastrectomy showed basal acid 
outputs exceeding 5 mEgq/hour. Plasma gastrin concen- 
trations of these 11 patients ranged from 12.7 pM (26.6 
pg/ml) to 67.6 pM (141.8 pg/ml) with a mean + SE of 
36.6 + 5.1 pM (76.8 + 10.7 pg/ml). Pathology of the 
pancreas was confirmed by surgical laparotomy in nine 
patients and by postmortem examination in one. Seven 
of these ten patients had malignant APUDoma of the 
pancreas with distant metastases, mostly to the liver. One 
of these seven patients had extensive metastases to distant 
organs including the liver, lungs, heart, bones, and right 
kidney (patient |). One patient (patient 10) had a benign 
APUDoma (adenoma) and two others (patients 2 and 4) 
had pancreatic APUD cell hyperplasia. To date one re- 
maining patient (Patient 7) has not been surgically ex- 
plored to study pancreatic histology (Table 1). Criteria 
for diagnosis of islet cell hyperplasia include presence of 
large islets greater than 300 yu in diameter, irregular, cir- 
cumferential outlines, considerable variation in size of 
islet cells, and many cells with large hyperchromic nuclei.”” 
APUD cells were defined by immunohistochemistry of 





Es 


Vol. 210+ No. 2 ULCEROGENIC TUMOR SYNDROME OF THE PANCREAS 


TABLE 2. Results of Immunohistochemistry of Pancreatic Tumors or Tissues of Patients Containing a Nongastrin Acid 
Secretagogue as Described in Table 1 











Patient NSE GAS CCK SEC MOT VIP INS GLU SOM HPP 
1* + + + - + + + + + + 
2t + + — - - -= + + + + 
4t + + + + ~ + + + + + 
5* + + - + ~ + ~ + — — 
6* + + — + - + + + + + 
8* + t: + + = + = a E + 
g* + + — - + + + + + + 
11* + + + ~ - + + + + + 
* Islet cell cancer. NSE, Neurone-specific enolase; GAS, Gastrin; CCK, Cholecystokinin; 
+ Islet cell hyperplasia. SEC, Secretin; MOT, Motilin; VIP, Vasoactive Intestinal Polypeptide; 
+ Positive stain for specific antiserum. INS, Insulin; GLU, Pancreatic glucagon; SOM, Somatostatin; HPP, Hu- 
— Negative stain for specific antiserum. man pancreatic polypeptide. 
the tumor or pancreatic tissues using neuron-specific en- (Table 1), and the remaining patient (patient 7) had a 
olase (NSE) immunostaining method'®'’ and specific an- marked rise in plasma gastrin concentration after intra- 
tisera, as described previously,'®'* to various gut and pan- venous injection of secretin (Figs. 1 and 2). 


creatic peptides including gastrin, secretin, cholecystoki- 
nin, human pancreatic polypeptide, motilin, insulin, and 
glucagon. The study was carried out in the tissues obtained 


Immunoassay for Gastrin in Tissue Extracts and Bioas- 
says of Tumor Extracts and Plasma Extracts 


from eight of these 11 patients (Table 2). The tissues of Immunoreactive gastrin contents of tumor or pan- 
these eight patients contained positive cells for NSE, and creatic tissue extracts were determined in ten patients, 
several of the peptides so tested. including one patient with a gastrinoma syndrome and 


nine patients with marked hypersecretion without hyper- 
Plasma Gastrin and Secretin Responses to Exogenous Se- __ gastrinemia (Fig. 3). In the patient with a proved gastri- 


cretin and a Standard Meal noma, the gastrin content was greater than 5000 pmoles 
In only one of these 11 patients (Patient 7; Table 1) 

was there an increase in plasma gastrin concentration in SECRETIN PROVACATIVE TEST 

response to intravenous injection of secretin 2 CU- kg`': 

from 52.4 pM (109.9 pg/ml) to 277.2 pM (581.6 pg/ml) SECRETIN 


(Fig. 1). The increase paralleled the marked increase in 
gastric acid output. Periodical determinations of plasma 
gastrin concentration in this patient (patient 7) on five 
separate occasions in a l-year period were always below 
45.5 pM. On each occasion hypersecretion of acid was 
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confirmed. After intravenous injection of secretin, plasma = = 
secretin levels exceeded 1000 pM (3056 pg/ml), whereas > 200 ik £e 
his postprandial level was about 10 pM (30.6 pg/ml) (Fig. I wd 
2). However, a computerized tomography of the abdomen = E 
failed to show any abnormality in the pancreas or other 2 A 
organs in the abdomen. The plasma secretin levels in re- = © 2 
sponse to intravenous secretin or a standard meal in five q 100 e 
other patients so studied were similar to those observed i 9 


in patient 7. 

After a meal, plasma gastrin concentration increased 
significantly in all five patients with ordinary duodenal 
ulcer disease. However, in four of the six patients with 
gastric acid hypersecretion whose fasting plasma gastrin 
levels were within normal limits, there was no measurable 


incrédse in postprandial plasma gastrin levels. Three (pa- FIG. 1. Effect of intravenous secretin. Two clinical units- kg’ on plasma 
gastrin concentration and gastric acid output in a patient (patient 7, 


tients 3, 8, and 9) of the four patients had a malignant Table 1) with marked gastric acid hypersecretion, watery diarrhea, and 
APUDoma of the pancreas with metastases to the liver duodenal ulcer. 
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FIG. 2. Plasma secretion and gastrin responses to intravenous injection 

of porcine secretin, two clinical units + kg~', and ingestion of a meal in 


patient 7 with marked gastric acid hypersecretion but without fasting 
hypergastrinemia. 


(10.49 ug) per gram of tumor, whereas the gastrin content 
in all nine patients’ tissue extracts contained less than 
101.9 pmoles (213.8 ng) per gram of tissue weight. In a 
patient with pancreatic ductal cell adenocarcinoma, gas- 
trin was absent in the tumor extract (not shown). 

As shown in Figure 4, pentagastrin produced a dose- 
related increase in acid output in anesthetized rats. A 
minimum dose of 25 ng or greater was required for a 
positive response. A similar dose-response study with hu- 
man gastrin-I indicated that a minimum dose of 15 ng 
(7.1 pmoles) was required for a positive response (not 
shown). We observed a similar dose-dependent increase 
in the acid output when the tumor extracts of a patient 
(patient 8) in three different doses were administered in- 
travenously. The largest dose of this extract (0.4 ml) had 
a stimulating effect comparable to that produced by 100 
ng of pentagastrin. This dose was equivalent to 0.1 g of 
tumor containing less than 4 pmoles of gastrin. The tissue 
extracts, equivalent to 0.4 g of tumor, of nine patients 
with either malignant APUDoma, benign APUDoma, or 
APUD cell hyperplasia of the pancreas were bioassayed 
and each patient had biological activity greater than that 
produced by pentagastrin, 100 ng (Table 3). There was 
no acid secretagogue activity in the tumor extract from 
the ductal cell adenocarcinoma. 

The tumor extracts of two patients with malignant 
APUDomas of the pancreas (patients 8 and 9; Table 1) 
were tested in three conscious dogs with gastric cannulas 
because an adequate amount was available from each pa- 
tient for the study. The intravenous injection of an extract 
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equivalent to 1.3 g of tumor from patient 8 evoked gastric 
acid response in all three dogs (Fig. 5). A marked hy- 
persecretion of acid in response to the tumor extract was 
observed in dog 1. The extract from patient 9 evoked an 
acid response only with a dose equivalent to 5 g of tumor 
(data now shown). 

Fresh plasma extracts equivalent to 5 to 8 ml of plasma 
from 7 patients were tested in anesthetized rats. All seven 
plasma extracts stimulated acid secretion (Table 3). One 
of these seven plasma extracts was obtained from patient 
7 (Table 1) who was not surgically explored. However, 
the plasma extracts from 10 patients with ordinary duo- 
denal ulcer failed to stimulate acid secretion. 


Partial Purification and Characterization of the Acid Se- 
cretagogue in Tumor Tissue 


The acid secretagogue activity in the tumor of patient 
8 was completely extracted by an alkaline water solution. 


; 


IMMUNOREACTIVE GASTRIN CONTENT 
IN TUMOR OR PANCREATIC TISSUES — 
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FIG. 3. Immunoreactive gastrin contents in islet celleoplasms and pancreas 
with islet cell hyperplasia. Patient 12 had a proved gastrinoma syndrome. 
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Subsequent extraction of the residue with 0.5 N HAc failed 
to yield any acid secretagogue activity. With gel filtration, 
its elution volume situated between porcine motilin and 
human gastrin I suggests a molecular size of 2000 to 3000 
daltons (Fig. 6). Although G-34 would have been eluted 
in this region, there was no gastrinlike immunoreactivity 
eluted in the fractions containing the major bioactivity. 
It is probably an acidic compound because it was not 
retained by CM-cellulose at pH 8.5. After treatment with 
TPCK-trypsin, it lost its bioactivity, while under the same 
conditions trypsin could not abolish the bioactivity of hu- 
man gastrin I (Fig. 7) or a gastrinoma extract (Fig. 8). 
Thus the acid secretagogue appeared to be a peptide con- 
taining trypsin-sensitive peptide bonds involving basic 
amino acids and is distinguishable from gastrin. A similar 
trypsin-sensitivity was observed with the extract of tumor 
from patient 1, which was reported previously.'° In two 
other patients (patients 6 and 9), similar effects of trypsin 
on the bioactivity of their tumor extracts were observed. 
Further purification of the material on reverse-phase 
HPLC yielded four bioactive peaks with retention times 
corresponding to 56 to 60 minutes, 69 to 72 minutes, 89 
to 92 minutes, and 101 to 104 minutes, respectively. Ex- 
cept for the peak eluted at 69 to 72 minutes, which over- 
lapped with standard G17-I, the other peaks were well 
resolved from various forms of CCK and G34 (Fig. 9). 
The content of gastrin (2 pmoles) in the fractions eluted 
between 69 to 72 minutes, however, was unable to account 
for the bioactivity observed. These results further suggest 
that the tumor contains multiple forms of a nongastrin 
acid secretagogue. 


Discussion 


The present study indicates clearly that there are pa- 
tients with pancreatic endocrine neoplasms who have 
marked gastric acid hypersecretion without hypergastrin- 
emia. We have thus confirmed our initial observations 
on 4 patients whose acid hypersecretion was not explained 
by high levels of circulating gastrin or a gastrinlike secre- 
tagogue.'® It is significant that in this report some of the 
patients had an intact stomach, whereas in our previous 
report the patients had undergone partial gastrectomy. !® 
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EFFECTS OF TUMOR EXTRACTS AND 
PENTAGASTRIN ON ACID SECRETION IN RATS 
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FIG. 4. Responses of acid secretion in four anesthetized rats to intravenous 
injections of pentagastrin and a tumor extract. 


The collection of gastric juice in the patients with an intact 
stomach was probably more complete than in patients 
with partial gastrectomy. The presence of acid secreta- 
gogue activity both in tumor or pancreatic tissue extracts 
and plasma extracts suggests strongly that a nongastrin 
acid secretagogue released from these neoplastic tissues 
may evoke hypersecretion of acid. Their clinical and 
pathologic features otherwise were indistinguishable from 
those of Zollinger-Ellison.*” 

A nongastrin acid secretagogue activity in the tumor 
extracts was demonstrated in rats and in dogs. In rats the 
stimulatory effect on acid secretion by the tumor extract 
was dose dependent. The factor mediating this acid se- 
cretagogue activity is not gastrin nor gastrinlike but rather 
a peptide which, unlike gastrin, contains trypsin-sensitive 
peptide bonds involving basic amino acids. Incubation 
with trypsin destroys its secretagogue activity. Human 
synthetic gastrin (G-17) or the extract of a gastrinoma, 


TABLE 3. Results of Acid Secretagogue Activity in Anesthetized Rats in Response to Tissue Extracts and/or Plasma Extracts 


Patient l 2 4 5 


Tissue (unit*) 14 6 2.9 4.5 
Plasma (unit) 3 2 2.3 NT} 


* | unit, 50% of acid output produced by pentagastrin 100 ng. 2 units, 
100%;3 units, 150%; 4 units, 200%; 5 units, 250%; 6 units, 300%; In- 
crement in units hereafter represent 50% further increase over the prior 


6 7 8 9 10 11 
13.2 NT 6.5 3.8 8.8 12.1 
13.1 2 4.3 9 NT NT 
unit. 


+ NT, not tested. 
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Fic. 5. Effect of a tumor ex- 
tract and pentagastrin (PG) 
on gastric acid secretion in 
conscious dogs with gastric 
cannulas. 


FIG. 6. Gel filtration of a tu- 
mor extract (patient 8) on a 
column of Sephadex G-50 
(Pharmacia LKB Biotech- 
nology, Inc., Piscataway, NJ), 
superfine (3 X 32 cm) packed 
and run in 2% ammonium 
bicarbonate solution. The 
numbers in the circles with 
arrows denote the elution 
position of the standard pro- 
teins or peptides shown on 
the upper right corner. Other 
symbols are open circles, ab- 
sorbance at 220 mm; filled 
circles, absorbance at 280 
mm; hatched bars, bioactiv- 
ity in unit as defined in the 
text and Table 3; and filled 
bars, gastrinlike immuno- 
reactivity. 
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on the other hand, was not inactivated by trypsin. In our 
earlier study,'? we showed that the secretagogue activity 
in tumor tissue was not destroyed by incubation with rab- 
bit antigastrin serum. The same amount of antiserum 
abolished the activity of human synthetic gastrin. Fur- 
thermore, in one of the four patients in that study,'° the 
secretagogue activity in the plasma disappeared after sur- 
gical removal of the tumor, the extract of which contained 
secretagogue activity. This particular patient has remained 
free of hypersecretion of acid and peptic ulceration since 
removal of the tumor in February 1983. Her plasma has 
also remained free of the secretagogue activity. Partial 
purification of the secretagogue suggests that it is an acidic 
peptide with a molecular size of 2000 to 3000 daltons. 
The peptide with acid secretagogue activity may be a pep- 
tide or a family of peptides originating from gastrointes- 
tinal mucosae. The presence of enterooxyntin in hog in- 
testinal mucosal extracts has been well recognized. How- 
ever, it has not been proved to be a hormone. The 
secretagogue found in our patients is probably not the 
enterooxyntin isolated by Wider et al.”! because its mo- 
lecular weight of 13,000 daltons is much higher than the 
bioactivity found in the extract of our tumors. 

There was a rise in plasma concentration of gastrin in 
response to intravenous injection of secretin in only one 
of our patients (patient 7). Although hypergastrinemia in 
response to secretin has been considered one of the di- 
agnostic criteria for the Zollinger—-Ellison or gastrinoma 
syndrome,'** plasma gastrin increases markedly only 
with plasma secretin levels far in excess of those reached 
after a meal. Gastrin levels did not increase in this patient 
(patient 7) or in two other patients whose plasma secretin 
levels increased postprandially. Furthermore in patient 7, 
whose plasma gastrin increased after the injection of se- 
cretin, gastrin did not increase in plasma when porcine 
secretin was administered intravenously in doses of 0.03 
or 0.06 CU-kg '+h~', which usually mimics the post- 
prandial plasma secretin level.” During a 1-year period 
of observation, blood samples were obtained from the 
same patient at the time when a gastric secretory study 
was done to observe hypersecretion on five different oc- 
casions. Plasma gastrin levels were always less than 110 
pg/ml. In addition, plasma samples obtained on ten sep- 
arate dates showed gastrin concentration less than 110 
pg/ml during the period of | year. This level of plasma 
gastrin could not account for the acid secretagogue activity 
found in his plasma (Table 3). It is quite possible, there- 
fore, that hypersecretion of acid in some of the patients 
with normal or marginally elevated plasma levels of gastrin 
who exhibited secretin-induced hypergastrinemia may 
result from a nongastrin secretagogue in circulation. In 
three-other patients with islet cell cancer of the pancreas, 
no discernible increase in plasma gastrin occurred after 
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BIOASSAYS OF PENTAGASTRIN (PG), TUMOR EXTRACT (TE) 
AND HUMAN GASTRIN (G,71) IN ANESTHETIZED RATS 
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FiG. 7. Effect of L-l-tosylamide-2-phenylethyl chloromethyl ketone 
treated trypsin on secretagogue activity of a tumor extract (patient 8) 


and synthetic human gastrin-17 in anesthetized rats. PG represents pen- 
tagastrin and TE represents tumor extract. 


ingestion of a meat meal. These observations strongly 
suggest that the mechanism of gastric acid hypersecretion 
in these patients did not involve gastrin because their fast- 
ing gastrin levels were within normal limits and post- 


124 PG GE 
(100 ng) (TRYPSINIZED) GE 


tte PE 


ACID OUTPUT (  Eq/10 min) 





1 2 3 4 
TIME IN HOURS 


FIG. 8. Effect of TPCK-treated trypsin on secretagogue activity of a gas- 
trinoma extract (GE) in an anesthetized rat. 











Sry ees T 





148 CHEY AND OTHERS 


Ann. Surg. « August 1989 


CHROMATOGRAPHY OF A PANCREATIC TUMOR EXTRACT, CMC-I 
FRACTION ON REVERSE PHASE HPLC ON A MCH-10 C-18 COLUMN 
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GASTRIN-LIKE IMMUNOREACTIVITY, pmol 


ELUTION TIME, MINUTES 


prandial increases in plasma secretin levels or exogenous 
secretin in physiological dose did not increase circulating 
gastrin levels. 

In recent years, unexplained marked acid hypersecre- 
tion in patients with pancreatic neoplasms but without 
hypergastrinemia has been recognized by others**”> in 
some patients with peptic ulcer disease. One recent 
report? described the finding of a nongastrin acid secre- 
tagogue in a pancreatic tumor extract. Apparently there 
are patients with clinical features similar to Zollinger- 
Ellison or gastrinoma syndrome but without associated 
fasting hypergastrinemia or with only a transient hyper- 
gastrinemia in response to a pharmacological dose of se- 
cretin. Such patients require further investigation to de- 
termine whether or not they have an endocrine neoplasm 
of the pancreas. In one patient (patient 9; Table 1), because 
of the clinical features without an associated hypergas- 
trinemia, a computed tomographic scan of the abdomen 
revealed a neoplasm in the tail of the pancreas with met- 
astatic lesions in the liver. Until the circulating secreta- 
gogue can be measured by radioimmunoassay or a sen- 
sitive bioassay, measurement of gastric acid secretion is 
the only laboratory marker that leads us to suspect this 
clinical entity. Thus gastric acid secretory study in these 
patients should be routinely carried out. 
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Pancreatic Structure and Glucose Tolerance 
in a Longitudinal Study of Experimental 
Pancreatitis-Induced Diabetes 





CHARLES J. YEO, M.D., J. AUGUSTO BASTIDAS, M.D., ROBERT E. SCHMIEG, JR., B.S., SHLOMO WALFISCH, M.D., 
NEVILLE F. COUSE, F.R.C.S.1., JEAN L. OLSON, M.D., DANA K. ANDERSEN, M.D., and MICHAEL J. ZINNER, M.D. 


Chronic pancreatitis is associated with glucose intolerance and 
resultant pancreatogenic diabetes. Using the canine pancreatic 
duct-ligated model of pancreatitis, we serially evaluated pan- 
creatic histology and electron microscopy, tolerance to intrave- 
nous and oral glucose, and insulin response to glucose loading. 
Pancreatic duct ligation caused microscopic evidence of acute 
pancreatitis at 1 week, progressing to acinar loss and fibrosis 
consistent with chronic pancreatitis at time periods up to 6 
months. The islets of Langerhans showed degranulation early 
and appeared to be structurally preserved late. Calculated K 
values indicated a progressive significant deterioration in intra- 
venous glucose tolerance, falling significantly from 3.46 + 0.23 
basally to 1.51 + 0.17 at 6 months after duct ligation (p < 0.0001). 
Oral glucose tolerance deteriorated significantly, with the inte- 
grated glucose response rising from 23.7 + 1.2 g/dl- minute ba- 
sally to 32.3 + 2.8 g/dl- minute at 6 months after duct ligation 
(p < 0.05). Integrated insulin response to both intravenous and 
oral glucose deteriorated with pancreatitis. Pancreatitis-induced 
glucose intolerance is a consistent feature of this duct-ligated 
model. Glucose intolerance stabilizes between 4 and 6 months 
after duct ligation and is associated with pancreatic acinar fibrosis 
and pancreatic endocrine structural preservation. While the 
mechanism of altered glucose tolerance may involve mechanical, 
neural, humoral, or vascular events, our data clearly support the 
conclusion that pancreatic ductal stenosis with resultant pan- 
creatic fibrosis and chronic pancreatitis is associated with ab- 
normal islet responsiveness leading to circulating insulin defi- 
ciency and glucose intolerance, despite histologic and ultrastruc- 
tural evidence of intact islets of Langerhans. 


LUCOSE INTOLERANCE IS A COMMON FINDING 
in chronic pancreatitis. The incidence of overt 
diabetes in patients with chronic pancreatitis 
varies from 25% to 60%.'~* Using glucose tolerance testing, 
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asymptomatic chemical diabetes may be demonstrable in 
an additional 25% of patients. The incidence of pancre- 
atitis-induced diabetes increases over time and appears to 
be related to the number of relapsing episodes of pancre- 
atitis and the duration of the ongoing pancreatic paren- 
chymal injury. 

Pancreatogenic diabetes differs from the forms of glu- 
cose intolerance seen clinically in type I (insulin-depen- 
dent) and type II (noninsulin-dependent) diabetes. Pan- 
creatogenic diabetes is commonly a brittle form of dia- 
betes, with severe insulin-induced hypoglycemic episodes 
being encountered after exogenous insulin administration. 
Diabetic ketoacidosis is rare in pancreatogenic diabetes, 
as are the classic diabetic complications of retinopathy, 
nephropathy, and accelerated vasculopathy.' The glucose 
intolerance demonstrable in pancreatogenic diabetes is 
not well characterized, but has been associated primarily 
with deficient insulin response to both oral and intrave- 
nous glucose loads.*° 

Previous investigators using animal models have tried 
to reproduce the pathologic, exocrine, and endocrine fea- 
tures seen in human chronic pancreatitis. Small animal 
models using pancreatic duct ligation in the rat, guinea 
pig, and chicken have demonstrated exocrine pancreatic 
degeneration with acinar cell loss and pancreatic enzyme 
deficiency.°* In these studies, the histologic structure of 
the pancreatic islets was preserved several weeks after duct 
ligation, with a suggestion of an increase in islet num- 
ber.”:!° However, in contrast to the insulin deficiency’doc- 
umented in response to glucose in human chronic pan- 
creatitis, these small animal pancreatic duct-ligated mod- 
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els were associated with either no alteration in insulin 
response to glucose or an increased insulin response to 
glucose.'':!? Canine pancreatic duct-ligated models have 
documented early histologic and ultrastructural changes 
consistent with acute pancreatitis 1 week after ligation. 
These changes consist of edema, acinar cell reduction, 
loss of acinar cell zymogen granules, and formation of 
large numbers of autophagic vacuoles.'’ At longer time 
intervals from duct ligation, structural changes of exocrine 
destruction and fibrosis consistent with human chronic 
pancreatitis have been documented, with relative conser- 
vation of islet architecture.'*'° Studies using the canine 
duct-ligated pancreatitis model have evaluated endocrine 
function,'®'* but to date no definitive correlations be- 
tween pancreatic structure and endocrine function has 
been reported. 

It was the purpose of the current investigation, using 
the canine model of duct-ligated pancreatitis, to correlate 
pancreatic structure and endocrine function in longitu- 
dinally studied acute and then chronic pancreatitis. This 
was accomplished during a preoperative control period, 
during the recovery phase of acute pancreatitis (1 week 
after duct ligation), and during the evolution of chronic 
pancreatitis (6 weeks, 4 months, and 6 months after duct 
ligation). Serial changes in pancreatic histology and elec- 
tron microscopy, glucose tolerance using intravenous and 
oral glucose loads, and circulating insulin response to in- 
travenous and oral glucose were evaluated longitudinally 
as the disease evolved from the acute to the chronic phase. 


Materials and Methods 
Pancreatic Duct Ligation 


The following protocol was approved by the Institu- 
tional Animal Care and Use Committees. Twenty mongrel 
dogs weighing 15 to 25 kg were fasted for 18 hours before 
operation. Perioperative antibiotics were given as one dose 
before operation and one dose after operation using pen- 
icillin G 500,000 units/dose and gentamycin 2 mg/kg/ 
dose. Using pentobarbital sodium anesthesia, a midline 
abdominal incision was made. The pancreas was com- 
pletely separated from the duodenum over a distance of 
at least 4 cm, ligating all major and minor pancreatic 
ducts emptying into the duodenum. Care was taken to 
minimize duodenal devascularization and to avoid bile 
duct ligation. Appropriate intravenous fluids were pro- 
vided for the first day after operation. The animals were 
maintained on a liquid diet for the first two postoperative 
days and subsequently were fed standard canine chow 
with daily Pancreatin supplements (Sigma Chemical, St. 
Louis, MO), approximating 4 g/day. The mean weight of 
thé animals at six weeks, 4 months, and 6 months after 
duct ligation remained the same as the preoperative weight 
(18 + 1.5 kg). 


PANCREATIC STRUCTURE AND GLUCOSE TOLERANCE 15] 


Intravenous and Oral Glucose Tolerance Tests 


Intravenous and oral glucose tolerance tests were per- 
formed on the animals before pancreatic duct ligation, 
and at | week, 6 weeks, 4 months, and 6 months after 
operation. 

The intravenous glucose tolerance test (IVGTT) was 
performed by rapid infusion of 20% glucose at a dose of 
0.5 g/kg body weight. Blood was sampled into iced Tra- 
sylol-treated (100 yul/tube; Sigma Chemical, St. Louis, 
MO) EDTA tubes at basal, 1, 3, 5, 10, 15, 20, and 30 
minutes, and every 10 minutes thereafter for up to 120 
minutes. Following centrifugation at 3000 RPM for 15 
minutes, an aliquot of the serum was prepared for im- 
mediate glucose determination (Beckman Glucose Ana- 
lyzer II, Beckman Instruments, Fullerton, CA), and the 
remainder was frozen for determination of plasma im- 
munoreactive insulin using a single antibody (GP29, Miles 
Laboratories, Elkhart, IN) technique with porcine insulin 
as the standard. 

The oral glucose tolerance test (OGTT) was performed 
by rapid intragastric delivery of a bolus of 20% glucose, 
at a dose of 2 g/kg body weight, using an 18 French oro- 
gastric tube. Blood was sampled during the basal period 
and every ten minutes for three hours and analyzed for 
glucose and immunoreactive insulin as above. 


Serum Amylase Determinations 


Blood was sampled for fasting serum amylase deter- 
minations before the induction of pancreatitis by duct- 
ligation and at 1 week, 6 weeks, and 4 months after op- 
eration. Serum amylase was determined spectrophoto- 
metrically (Amylotube reagent kit, Princeton Biomedix, 
Cranbury, NJ), and reported in Amylotube units. For ref- 
erence, Amylotube units = 1.047 (Somogyi units) + 18. 


Pathologic Determinations 


In four animals open pancreatic biopsies were per- 
formed at the time of duct ligation (prepancreatitis basal) 
and at 3 days, | week, 6 weeks, and 4 months after op- 
eration. In the remaining 16 animals, the pancreatic rem- 
nants remaining 4 to 6 months after operation were pro- 
cessed for light and electron microscopy. All animals in- 
cluded in the study had autopsy-documented total 
pancreatic duct ligation, with gross atrophy and fibrosis 
of both the splenic and duodenal lobes of the pancreas. 
Tissue for light microscopy was fixed in 10% buffered for- 
malin, dehydrated in graded alcohols, embedded in par- 
affin, and stained with hematoxylin and eosin. The ma- 
terial for electron microscopy was minced into pieces 
measuring 1 X 1 X 1 mm and fixed in 3% phosphate- 
buffered glutaraldehyde. The tissues were then post-fixed 
in 1% osmium—tetroxide, dehydrated in graded alcohols, 
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FIG. 1. Light micrograph of pancreas | week after duct ligation. Mixed 
inflammatory infiltrate is present in thin fibrous septa (S) that surround 
acini (A) with depletion of zymogen granules. Bar equals 50 microns. 
(H&E, X220). 


and embedded in Araldite. Thick sections cut at 1 micron 
were examined to choose representative areas for ultra- 
structural assessment. Thin sections (cut at 60 to 90 u) 
were stained with uranyl acetate and lead citrate and ex- 





FIG. 2. Light micrograph of pancreas 6 weeks after duct ligation. Pre- 
dominantly mononuclear inflammatory infiltrate is noted in well-estab- 
lished fibrous septa with proliferation of ducts (D). Islets (I) are identified. 
Bar equals 100 microns (H&E, X115). 


FIG. 3. Light micrograph of pancreas 4 months after duct ligation. Large 
fibrous bands encompass prominent islet (I) cell proliferation and sur- 
round acinar cells (A). Bar equals 50 microns (H&E, X185). 


amined at 60 KV in a JEOL 100S transmission electron 
microscope. 


Statistical Analyses 


The rate of glucose disappearance (K) for the IVGTT 
was Calculated using a linear regression model of the 1- 
to-30 minute segment of the glucose decay curve, plotting 
time as the abscissa and the natural logarithm of glucose 
as the ordinate:!”° 


K = 100 X (— SLOPE,-30) X 2.303 


Integrated glucose responses for the OGTT were cal- 
culated as the area under the serum glucose curve, plotting 
time as the abscissa and glucose as the ordinate. 

Integrated insulin responses (IIR) for the IVGTT and 
OGTT were calculated as the area under the serum insulin 
curve, plotting time as the abscissa and insulin as the or- 
dinate. 

Values are expressed as mean + SEM. Statistics were 
performed by Student’s t-test and analysis of variance with 
a factorial design (ANOVA), with significance accepted 
at the 5% level. 


Results 
Light Microscopy 


Normal canine pancreatic histology was observed be- 
fore duct ligation. One week after duct ligation gross’ev- 
idence of acute pancreatitis was manifested by the ap- 
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FIG. 4. Electron micrograph of islet of Langerhans | week after duct ligation. Most of the endocrine cells show a marked degranulation characterized 
by empty vesicles (V) as compared to the usual neurosecretory (N) granules present in one of the cells. A small arteriole (A) is shown. Bar equals 2 


microns. (Uranyl acetate and lead citrate, x 5400.) 


pearance of edema. Histologically, acute pancreatitis was 
characterized by the appearance of polymorphonuclear 
leukocytes infiltrating into the periphery of the pancreatic 
lobules (Fig. 1). Focal depletion of zymogen granules was 
apparent, particularly in the inflamed areas. Islets of 
Langerhans were difficult to identify and early bands of 
fibrosis were noted. Six weeks after duct ligation there was 
gross evidence of pancreatic loss with glandular shrinkage 
and increased fibrosis. Histologically, fibrous septae sep- 
arating the pancreatic lobules were conspicuous (Fig. 2). 
The agute inflammation present at | week had subsided, 
leaving small collections of mononuclear cells in the in- 
terstitium. Zymogen granules had reappeared, except at 
the’ periphery of severely injured lobules. Islets were en- 
larged and easily identified. Four months after duct li- 


gation both the splenic and the duodenal lobes of the 
pancreas were small and fibrotic, without any grossly nor- 
mal pancreas. Histologically, nearly complete loss of aci- 
nar tissue was noted, with replacement by large fibrous 
bands accompanied by ductular proliferation (Fig. 3). 
There was an apparent relative increase in the amount of 
islet tissue. Occasional foci of small lymphocytes were 
observed. 


Electron Microscopy 


Normal pancreatic ultrastructure was observed before 
duct ligation. One week after duct ligation (Fig. 4), ultra- 
structural alterations included apparent degranulation of 
islet cells with reduction in the number of recognizable 
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Fic. 5. Electron micrograph of a portion of two islet cells 6 weeks after 
duct ligation. Both the insulin-producing beta cells (I) and the other 
nonbeta islet cells (O) demonstrate typical neurosecretory granules. A 
band of collagen (C) is noted. Bar equals | micron. (Uranyl acetate and 
lead citrate, X7900.) 


beta cells. The exocrine cells also showed a decrease in 
the number of zymogen granules and proliferation of the 
rough endoplasmic reticulum. Six weeks after duct liga- 
tion, electron microscopy revealed reconstitution of some 
islets (Fig. 5), while others continued to show cells with 
degranulation. Occasional necrotic cells were noted within 
the exocrine pancreas, which otherwise manifested dense 
zymogen granules and continued prominence of the rough 
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endoplasmic reticulum. Four months after ligation there 
was evidence of dense collagen and fibroblastic prolifer- 
ation in the interstitium. This fibroproliferative response 
separated large clusters of endocrine cells with normal 
ultrastructural features from smaller collections of exo- 
crine cells with dilated centroacinar spaces. 


Serum Amylase 


Basal serum amylase was 288 + 83 Amylotube units/ 
ml. Serial measurement of amylase revealed significant 
hyperamylasemia to 3373 + 1283 Amylotube units/ml 
(p < 0.05) during the first week after ligation, representing 
a greater than 10-fold increase in amylase level during 
the acute phase of duct-ligated pancreatitis. The amylase 
levels returned toward basal values at 406 + 191 Amy- 
lotube units/ml and 453 + 60 Amylotube units/ml by 6 
weeks and 4 months after ligation, respectively. 


Intravenous Glucose Tolerance Test 


The results of the IVGTT at basal, 1 week, 6 weeks, 
and 4 months after duct ligation are shown in Table 1. 
Intravenous glucose tolerance deteriorated progressively 
after the induction of pancreatitis. There was a progressive 
decline in the calculated K values after pancreatic duct 
ligation (Fig. 6), beginning at 3.46 + 0.23 during the basal 
period, falling progressively and significantly from basal 
(p < 0.0001 by ANOVA) to 2.06 + 0.15 at 1 week, 2.02 
+ 0.19 at 6 weeks, 1.57 + 0.26 at 4 months, and 1.51 
+ 0.17 at 6 months after duct ligation. 


Oral Glucose Tolerance Test 


The results of the OGTT at basal, 1 week, 6 weeks, and 
4 months after duct ligation are shown in Table 2. There 
was a progressive deterioration in oral glucose tolerance, 
expressed as the integrated glucose response (IGR) and 


TABLE 1. Glucose and Insulin Levels During Intravenous Glucose Tolerance Testing 


Time (minutes) 


0 l 5 10 20 30 60 120 

Basal 

Glucose $7 +3 278 + 17 247 + 10 204+ 5 144 +6 107 +6 90 +4 86 + 

Insulin i a | 34+ 5 25% a 39+ 5 3327 14+6 9+4 2+ 1 
| week 

Glucose 85+2 273 + 14 262+ 8 231+ 7 191+8 161 +9 114+6 $F 2:2 

Insulin a | 28+ 6 36+ 8 30+ 6 f i I7+5 Ts 1 524 
6 weeks 

Glucose 87 +3 277 + 18 262 + 15 222+ 9 188 +9 160 +8 1105 88 + 3 

Insulin 2x 1 ina Zit 4 19+ 4 is +3 11 #2 21 ae oe | 
4 months 

Glucose 88 + 3 265 + 29 250 + 15 233 + 14 195+8 176 +9 131 +7 101,+7 

Insulin 22l It 3 16+ 3 16+ 5 222 PET 7=4 AFl 


Glucose in mg/dl. Insulin in „U/ml. Mean + SEM. 
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depicted in Figure 7. The IGR rose significantly (p < 0.05 
by ANOVA) from basal values of 23.7 + 1.2 g/dl - minute 
to 29.1 + 1.7 g/dl - minute | week after ligation, and 
remained significantly elevated above basal at 30.5 + 1.5 
g/dl - minute after 6 weeks, at 34+.4 + 1.7 g/dl - minute 
after 4 months, and at 32.3 + 2.8 g/dl + minute 6 months 
after duct ligation. 


Insulin Response to Intravenous and Oral Glucose Loads 


The insulin levels measured during the IVGTT are 
shown in Table 1. The integrated insulin response (IIR) 
to the IVGTT studied longitudinally after pancreatic duct 
ligation is shown in Figure 8. In the basal state, the IIR 
was 1680 + 357 „U/ml - minute, and it fell to 1295 
+ 243 „U/ml - minute during acute pancreatitis 1 week 
after duct ligation. With the progression of chronic pan- 
creatitis, the IIR fell further to 747 + 97 „U/ml - minute 
and 869 + 116 „U/ml - minute 6 weeks and 4 months 
after ligation, respectively, both significantly lower than 
basal (p < 0.05). 

The insulin levels measured during the OGTT are 
shown in Table 2. The integrated insulin response (IIR) 
to the OGTT studied longitudinally is depicted in Figure 
9. In the basal state the IIR was 3393 + 341 U/ml - 
minute. The IIR fell to 2280 + 255 U/ml - minute and 
2469 + 366 wU/ml + minute | week and 6 weeks after 
ligation, respectively. Some recovery of IIR was seen 4 
months after duct ligation, with the IIR rising to 3005 
+ 679 wU/ml - minute. 


Discussion 


Pancreatic endocrine insufficiency has been docu- 
mented in as many as 80% of patients with chronic pan- 
creatitis using standard glucose tolerance testing. Between 
25% and 60% of patients with long-standing chronic pan- 
creatitis will be found to be overtly diabetic.'~*! Clini- 
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FIG. 6. Intravenous glucose tolerance testing. The calculated glucose dis- 
posal constant (K) followed longitudinally after pancreatic duct ligation 
(* p < 0.0001 by ANOVA, compared to basal). 


copathologic correlation of chronic pancreatitis in varying 
stages of its evolution has been rarely reported.” Patients 
with mild evidence of pancreatic disease, based on clinical 
criteria, pancreatic function testing, glucose tolerance 
testing, and imaging techniques including pancreatogra- 
phy generally have near-normal pancreatic structure. 
These patients may show histologic evidence of accen- 
tuation of coarse pancreatic lobulations due to increased 
connective tissue, with a thickened pancreatic capsule, 
preserved acini with abundant zymogen granules, and 
undisturbed islets. In contrast, patients with clinical, 
chemical, and radiographic evidence of advanced chronic 
pancreatitis usually have markedly altered pancreatic ar- 
chitecture. Grossly the pancreas is often small, firm, and 
surrounded by scar tissue, with associated calcification. 
Histologically, loss of acinar structure is prominent, with 
increased fibrous tissue, ductal dilatation, prominence of 
neurovascular bundles and nerves, and a chronic inflam- 
matory infiltrate. However, serial observation of pan- 
creatic architecture during the evolution of chronic pan- 
creatitis has never been evaluated. 


TABLE 2. Glucose and Insulin Levels During Oral Glucose Tolerance Testing 


Time (minutes) 





0 30 60 90 120 180 
Basal 
Glucose 84+3 148+ 8 168 + 11 160 + 12 127+ 12 89+ 5 
Insulin 4+1 SD die 30+ 4 26.2 5 13. =:'3 4+ 1 
1 Week 
Glucose 86 +3 177 + 12 213+17 197 +17 154 + 16 106 + 10 
Insulin 241 18+ 3 I5 2 14+ 2 13+ 3 8+ 3 
6 Weeks 
Glucose 89 +2 201 + 14 249 + 14 212+ 14 148 + 15 93+ 5 
insulin 3+1 19+ 3 21+ 3 1i8+ 3 10+ 3 5+ 1 
4 Months 
. » Glucose 94+4 200 + 18 260 + 18 239 + 14 179 + 18 130 + 18 
_ Insulin 5+2 23+ 6 24+ 5 25+ 9 13+ 2 5+ 2 


Glucose in mg/dl 


. Insulin in U/ml. Mean + SEM. 
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FIG. 7. Oral glucose tolerance testing. The integrated glucose area (in g/ 
dl - minute) followed longitudinally after pancreatic duct ligation (* p 
< 0.05 by ANOVA, compared to basal). 


In the current study, the progression of pancreatic injury 
has been followed from normal architecture to severe 
chronic pancreatitis in a subgroup of animals studied by 
serial laparotomy and pancreatic biopsy following com- 
plete pancreatic duct ligation. Histologically we have 
demonstrated early acute pancreatitis following duct-li- 
gation, characterized by edema, polymorphonuclear leu- 
kocyte infiltration, and zymogen granule depletion. Late 
histologic findings consist of nearly complete loss of acinar 
tissue, with the islets of Langerhans being prominent and 
sandwiched between bands of fibrous connective tissue. 
Ultrastructurally we have demonstrated early acinar cell 
zymogen degranulation followed by late acinar cell loss. 
Using electron microscopy there is an early degranulation 
of endocrine cells of the islets of Langerhans. Later, en- 
docrine cells appear ultrastructurally normal and they re- 
main clustered in islets surrounded by proliferated col- 
lagen. 

Overall the pancreatic structure documented 4 to 6 
months after pancreatic duct ligation reveals preserved 
islets of Langerhans and fibrosis of the exocrine pancreas. 
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Fic. 8. Integrated insulin response to intravenous glucose. The integrated 
insulin area («U/ml -» minute) followed longitudinally after pancreatic 
duct ligation (* p < 0.05 by ANOVA, compared to basal). 
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FIG. 9. Integrated insulin response to oral glucose. The integrated insulin 
area (uU/ml- minute) followed longitudinally after pancreatic duct li- 
gation. 


Direct injury to the endocrine islet cells at a subcellular 
level may not be demonstrable by transmission electron 
microscopy. Pancreatic endocrine deficiency, as measured 
by a reduced insulin response to glucose loading, may 
also be speculated to involve a combination of factors 
such as altered pancreaticoportal blood flow, impaired 
neural innervation of islet cell tissue, or impaired paracrine 
regulatory mechanisms involving other islet cells. 

The progression of the endocrine insufficiency seen in 
chronic pancreatitis has been evaluated in this longitu- 
dinally studied cohort. Intolerance to both oral and in- 
travenous glucose has been previously demonstrated in a 
majority of patients with chronic pancreatitis studied at 
one point in time. Relative insulin deficiency to glucose 
loading has also been consistently demonstrated.**° 

In the current study we have demonstrated a progressive 
deterioration in intravenous glucose tolerance up to 4 
months after duct ligation, as documented by the con- 
tinuing decline in the K values. The K values stabilize 
between the fourth and sixth month after ligation. A sim- 
ilar progressive deterioration in oral glucose tolerance up 
to 4 months after ligation is demonstrated, with stabili- 
zation of oral glucose tolerance between the fourth and 
the sixth month after ligation. Thus, tolerance to both 
intravenous and oral glucose appears to deteriorate up to 
4 months after pancreatic duct ligation, with stabilization 
of the glucose tolerance status between 4 and 6 months 
after ligation. Pancreatic architecture also appears to sta- 
bilize between 4 and 6 months after pancreatic duct li- 
gation, with histologic and electron microscopic specimens 
showing similar pathology at these two time intervals. 

The decreases in both intravenous and oral glucose tol- 
erance seen up to 4 months after duct ligation appear to 
be partially due to a reduction in insulin output in re- 
sponse to glucose loading. This is evident from the inte- 
grated insulin response to both intravenous and oral ‘glu- 
cose loads (Figs. 8 and 9). There is a significant reduction 
in insulin response to intravenous glucose loading at 6 
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weeks and 4 months, compared to the basal insulin re- 
sponse. A similar trend is seen for the insulin response to 
oral glucose. This reduced insulin response after duct li- 
gation occurs in the face of increased hyperglycemia dur- 
ing both intravenous and oral glucose loading, compared 
to the normoglycemic level in the basal state. This reduced 
insulin response to hyperglycemia is apparent when com- 
paring insulin/glucose ratios in basal and pancreatitic 
states. The insulin-glucose ratios in response to intrave- 
nous (Fig. 10) and oral (Fig. 11) glucose loading reveal a 
marked difference between the basal and postpancreatitic 
states. Qualitatively the pancreatitic state is marked by a 
reduction of the insulin/glucose ratio both for acute, im- 
mediate insulin release (IVGTT), as well as for sustained 
release of insulin (OGTT). These results underscore the 
conclusion that there is a functional reduction in the in- 
sulin response to glucose loading in pancreatitis, seen most 
notably as a blunting of the early insulin response to glu- 
cose loading. 

Pancreatic duct ligation in a canine model was used 
more than six decades ago by Banting and Best. Duct 
ligation was used to produce a fibrotic pancreas that sim- 
plified the production of an extract, subsequently proved 
to be insulin, that alleviated diabetes.** A similar canine 
model was further studied two decades ago, with the 
splenic lobe of the pancreas being first ligated, and the 
duodenal lobe of the pancreas being subsequently re- 
sected.”* In this model, glucose tolerance remained normal 
after splenic lobe ligation alone, but became abnormal in 
9 of 13 animals following resection of the nonligated duo- 
denal lobe. Conflicting results of pancreatic duct ligation 
on pancreatic endocrine function have been reported. 
Mack et al.” reported adequate insulin secretion from a 
canine duct-ligated pancreatic tail remnant, although 
quantification of glucose tolerance was not performed. 
Hutson et al.” reported no effect of pancreatic duct li- 
gation on intravenous glucose tolerance measured for up 
to 2 years. These reports are not substantiated by our 
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FIG. 10. Insulin-glucose ratio (uU/mg) after intravenous glucose loading, 
followed longitudinally after pancreatic duct ligation. 
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FIG. 11. Insulin-glucose ratio («U/mg) after oral glucose loading, followed 
longitudinally after pancreatic duct ligation. 


observations, which document statistically significant re- 
ductions in glucose tolerance and insulin release associated 
with duct ligated pancreatitis. 

In conclusion, we have demonstrated that this canine 
pancreatic duct-ligated model produces histologic and ul- 
trastructural evidence of acute pancreatitis, progressing 
to chronic pancreatitis. Tolerance to both intravenous and 
oral glucose loading significantly deteriorates during acute 
pancreatitis, and further deteriorates during longitudinal 
follow-up. Chronic pancreatitis is marked by basal eugly- 
cemia but unequivocal glucose intolerance. The circulat- 
ing insulin response to intravenous glucose loading is re- 
duced with chronic pancreatitis, as is the circulating in- 
sulin-to-glucose ratio after oral glucose administration. 
While the mechanisms responsible for these deficiencies 
may involve mechanical, neural, humoral, or vascular 
events, our data clearly support the conclusion that pan- 
creatic ductal stenosis with resultant pancreatic fibrosis 
and chronic pancreatitis is associated with glucose intol- 
erance and lack of appropriate islet responsiveness leading 
to insulin deficiency, despite histologic and ultrastructural 
evidence of intact islets of Langerhans. 
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20 mg and 40 mg 
40 mg per 5 mL 


Contraindications: Hypersensitivity to any component. 


Precautions: General: Symptomatic response to therapy does not 
preclude the presence of gastric malignancy. 


Patients with Severe Renal Insufficiency: Longer intervals between 
doses or lower doses may be needed in patients with severe renal 
insufficiency (creatinine clearance <10 mL/min) to adjust for the 
te elimination half-life of famotidine (see Clinical Pharmacology 
and Dosage and Administration sections of Prescribing Information). 


Information for Patients: The oral suspension should be shaken 
vigorously for 5 to 10 seconds prior to each use, and unused 
constituted oral suspension should be discarded after 30 days. 


Drug Interactions: No drug interactions have been identified. 
Compounds tested in man include warfarin, theophylline, phenytoin, 
diazepam, aminopyrine, and antipyrine. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In rats 

and mice given oral doses up to approximately 2,500 times the 
recommended human dose for active duodenal ulcer, there was no 
evidence of carcinogenic potential; at these doses in rats, fertility and 
reproductive performance were not affected. No evidence of a 
mutagenic effect was observed. 


Pregnancy: Pregnancy Category B—There are no adequate or 
well-controlled studies in pregnant women. Use during pregnancy 
only if clearly needed. 


Nursing Mothers: It is not known whether famotidine is secreted into 
human milk; however, it is secreted into the milk of lactating rats. 

A decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug 
to the mother. 


Pediatric Use: Safety and effectiveness in children have not been 
established. 


Use in Elderly Patients: No dosage adjustment is required based on 
ae but may be necessary in severe renal impairment (see Clinical 
Pharmacology section of Prescribing Information). 


Adverse Reactions: The adverse reactions listed below have been 
reported during domestic and international clinical trials in 
approximately 2,500 patients. In the placebo-controlled clinical trials, 
the incidence of adverse experiences with PEPCID Tablets 40 mg at 
bedtime was similar to that with placebo. 


Incidence Greater than 1%: The following adverse reactions have 
been reported to occur in more than 1% of patients on therapy with 
PEPCID in controlled clinical trials and may be causally related to the 
drug: headache (4.7%), dizziness (1.3%), constipation (1.2%), and 
diarrhea (1.7%). 


Causal Relationship Unknown: The following other adverse 
reactions have been reported infrequently and within each category 
are listed in order of decreasing severity. The relationship to 
therapy with PEPCID has been unclear in many cases. Body as 

a Whole—Fever, asthenia, fatigue. Cardiovascular—Palpitation. 
Gastrointestinal—Cholestatic jaundice, liver enzyme abnormalities, 
vomiting, nausea, abdominal discomfort, anorexia, dry mouth. 
Hematologic—Thrombocytopenia. Hypersensitivity—Anaphylaxis, 
angioedema, orbital or facial edema, urticaria, rash, conjunctival 
injection. Musculoskeleta/—Musculoskeletal pain, arthralgia. 
Nervous System/Psychiatric—Grand mal seizure; psychic 
disturbances including depression, anxiety, decreased libido, 
hallucinations; paresthesia; insomnia; somnolence. Respiratory— 
Bronchospasm. Skin—Alopecia, acne, pruritus, dry skin, flushing. 
Special Senses—Tinnitus, taste disorder. 

The adverse reactions reported for PEPCID Tablets may also occur 
with PEPCID Oral Suspension or PEPCID I.V.; in addition, transient 
irritation at the injection site has been observed with PEPCID I.V. 
AV block has been reported with other H,-receptor antagonists, but 
not with famotidine. 

Management of Overdosage: There is no experience to date with 
deliberate overdosage. Up to 640 mg/day have been given to patients 
with pathological hypersecretory conditions with no serious adverse 
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effects. In the event of overdosage, treatment should be symptomatic 
and supportive. Unabsorbed material should be removed from the 
gastrointestinal tract, the patient should be monitored, and supportive 
therapy should be employed. 


Dosage and Administration: Duodenal Ulcer: The recommended 
adult oral dosage for active duodenal ulcer is 40 mg h.s.; most 
patients heal within 4 weeks, and it is rarely necessary to use the full 
dosage for longer than 6 to 8 weeks. A regimen of 20 mg b.i.d. is also 
effective. For maintenance therapy, the recommended oral dosage is 
20 mg h.s. 


Benign Gastric Ulcer: The recommended adult oral dosage for 
active benign gastric ulcer is 40 mg h.s. 


Pathological Hypersecretory Conditions (e.g., Zollinger-Ellison 
Syndrome, Multiple Endocrine Adenomas): The dosage varies 
with the individual patient; the recommended adult oral starting 
dosage is 20 mg q6h, but some patients may require a higher starting 
dosage. Dosages should be adjusted to individual patient needs and 
continued as long as Clinically indicated; up to 160 mg q6h have been 
administered to some patients with severe Zollinger-Ellison 
syndrome. 


Oral Suspension: The oral suspension may be substituted for 
tablets. 


Directions for Preparing PEPCID Oral Suspension: Prepare 
suspension at time of dispensing. Slowly add 46 mL Purified Water. 
Shake vigorously for 5 to 10 seconds immediately after adding the 
water and immediately before use. 


Stability of PEPCID Oral Suspension: Unused constituted oral 
suspension should be discarded after 30 days. 


Intravenous Administration: In some hospitalized patients with 
pathological hypersecretory conditions or intractable ulcers or in 
patients who are unable to take oral medication, the recommended 
intravenous dosage is 20 mg q12h. For preparation of intravenous 
solutions for injection or infusion and for compatible diluents, please 
see Prescribing Information. Parenteral drug products should be 
inspected visually for particulate matter and discoloration prior to 
administration whenever solution and container permit. 


Concomitant Use of Antacids: Antacids may be given 
concomitantly if needed. 


Dosage Adjustment for Patients with Severe Renal Insufficiency: 
In patients with severe renal insufficiency (creatinine clearance less 
than 10 mL/min), the elimination half-life of famotidine may exceed 
20 hours, reaching approximately 24 hours in anuric patients. 
Although no relationship of adverse effects to high plasma levels 

has been established, to avoid excess accumulation of the drug, 

the dosage may be reduced to 20 mg h.s. or the dosing interval may 
be prolonged to 36 to 48 hours as indicated by the patient's 

Clinical response. 


How Supplied: Tablets, containing 20 mg or 40 mg famotidine, with 
hydroxypropyl cellulose, hydroxypropyl methylcellulose, iron oxides, 
magnesium stearate, microcrystalline cellulose, starch, talc, and 
titanium dioxide as inactive ingredients, in unit-of-use bottles of 30 
and unit-dose packages of 100; Oral Suspension, containing 40 mg 
famotidine per 5 mL after constitution with 46 mL Purified Water, 
with citric acid, flavors, microcrystalline cellulose and 
carboxymethylcellulose sodium, sucrose, and xanthan gum as 
inactive ingredients, and sodium benzoate 0.1%, sodium 
methylparaben 0.1%, and sodium propylparaben 0.02% added as 
preservatives, in bottles of 400 mg famotidine for constitution; . 
Solution for intravenous injection, containing 10 mg famotidine per 
mL, with L-aspartic acid 4 mg, mannitol 20 mg, and Water for Injection 
q.s. 1 mL as inactive ingredients, and benzyl alcohol 0.9% added as 
preservative to the multidose vial, as 10x2-mL single-dose vials and 
as 4-mL vials. 


For more detailed information, consult your MSD 
MSD Representative or see Prescribing Information. MERCK 
Merck Sharp & Dohme, Division of Merck & Co., INC., SHAR 
West Point, PA 19486 J7PE17R4-i(308) DOHM 
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Gastric Cancer After Peptic Ulcer Surgery 


A Historic Prospective Cohort Investigation 





C. TOFTGAARD, M.D. 





In a historical prospective cohort investigation of 4131 patients 
undergoing peptic ulcer surgery in 53 hospitals in the western 
part of Denmark from 1955 through 1960, the risk of subsequent 
gastric cancer development was studied. The patients were fol- 
lowed with regard to gastric cancer development until their death 
or the end of the year 1982 and the incidence of cancer in this 
cohort was compared to the incidence in the total population in 
the same region during the same period. A total of 46 gastric 
cancers were diagnosed versus 47 expected. Up to 15 years after 
operation the cancer risk was lower than expected. After 15 
years the risk was higher than expected with a 2.1-fold higher 
incidence after 25 years for the total patient population. The 
highest risk was observed in male subjects undergoing a Billroth 
II subtotal gastrectomy with a 3.2 times increase in risk after 
25 years. There was no difference between gastric and duodenal 
ulcer patients; and patients undergoing simple suture for a per- 
forated ulcer showed no increase in cancer incidence. Patients 
with long-lasting symptoms had the same incidence as patients 
with briefer symptoms.These observations indicate that the op- 
eration per se and not the ulcer disease may be precancerous. 


tween gastric surgery for benign peptic ulcer dis- 

ease and the development of gastric cancer is still 
debated and has been studied in different ways. The in- 
vestigation first started with Balfour! in 1919 and 
Schwartz? in 1926, with both researchers finding a possible 
correlation. Since then several hundred reports concerning 
cancer of the gastric stump have been published, in the 
first decades as casuistic reports** but since the beginning 
of the fifties as more dedicated investigations. These have 
been performed either as cohort investigations,°~’ autopsy 
studies, '°"'* studies on incidence of former ulcer surgery 
in patients with gastric cancer,*!*"!> or experimental 
studies.'°-'* However discrepancies between the results 
are still present, even if there is a tendency towards dem- 
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onstrating an increasing risk of gastric cancer with in- 
creasing time after the ulcer surgery. 

To establish the incidence of gastric cancer in patients 
who have undergone peptic ulcer surgery, a large-scale 
historic prospective cohort investigation has been con- 
ducted. 


Patients and Methods 


Records of patients operated on for benign peptic ulcer 
disease during the period 1955 through 1960 in the west- 
ern part of Denmark were examined by the author. In- 
formation from records in 53 hospitals serving a popu- 
lation of about 2.5 million people were abstracted. In three 
other hospitals in this region the files had burned or dis- 
appeared. Site of the ulcer, type of the operation per- 
formed, date of the surgery, and duration of symptoms 
were registered together with the name, sex, and date of 
birth of each patient. 

Records were abstracted for 4164 patients, of whom 
33 were excluded due to insufficient identifying infor- 
mation, leaving 4131 patients (3139 men and 992 women) 
for analysis. Of these subjects, 29.7% had gastric ulcers, 
62.3% had duodenal or pyloric ulcers, and 8% had other 
localizations (jejunum, multiple ulcers, pylerogastritis). 
Surgery performed included a Billroth II subtotal gas- 
trectomy in 69.1% of the subjects, a Billroth I resection 
in 10.8%, a vagotomy with drainage in 0.9%, a gastroje- 
junostomy only in 2.7%, and a simple suture of a perfo- 
rated ulcer in 14.5%. Various other operations were per- 
formed on 2% of the subjects (Table 1). The mean age 
for the male subjects was 49.33 years (range, 14 to 89 
years), and for female subjects it was 51.28 years (range, 
18 to 85 years). 
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TABLE 1. Site of Ulcer and Type of Operation 


BII BI GEA 
Gastric 696 178 
Duodenal 1907 205 103 
Gastritis 151 49 


Other 99 13 


Total 2853 445 112 


The cohort was followed for death by computerized 
record linkage with the Central Population Registry, which 
has been in existence since 1968, the National Death Reg- 
istry, which has been in existence since 1943, and through 
direct contact with general practitioners, priests, and mu- 
nicipality-based population registers. The patients in the 
cohort with gastric cancer were detected by record linkage 
to The Danish Cancer Registry. 

The Danish Cancer Registry under The Danish Cancer 
Society is a population-based national cancer registry 
founded in 1942. Incidence rates are available since 1943. 


RR 
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2.0 


1.0 


0.0 


5-9 10-14 1519 20-24 >24 
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FIG. 1. Relative risk (RR) for gastric cancer in 5-year intervals after 
operation. Total patient material. RR = 1.0, means observed = expected. 


Suture Vagotomy Other 
293 3 51 
303 36 20 

0 0 3 
5 0 7 
601 39 8 1 


Reports are received on all newly diagnosed cancers in 
Denmark and the registration can be regarded as 
complete'?~?' and similar to compulsory cancer registra- 
tion schemes in which completeness has been assumed.7” 
The Registry is tumor based, and recorded cancer cases 
are Classified according to an extended version of the sev- 
enth revision of the International classification of Diseases 
(WHO 1957) as described in detail by Jensen et al.” 

Patients with cancers diagnosed before or within one 
month after the ulcer surgery and patients who did not 
survive the ulcer operation were excluded. Individual years 
of risk were calculated from the date of surgery until the 
diagnosis of cancer, date of death, December 31, 1982, 
or age 100 years, whichever occurred first.” A computer 
program permitted calculation of the expected number 
of gastric cancers in 5-year bands, taking account of sex, 
age at surgery, and so on.**”° The incidence of gastric 
cancer in the investigated areas of Denmark was the same 
as in all of Denmark in the investigation period.”°?’ Rel- 
ative risks (RR) were obtained by dividing the observed 
by the expected number of cases, and 95% confidence 
limits of the RR were calculated assuming a Poisson dis- 
tribution.” 


Results 


Seventeen patients (0.5%) from the original cohort 
could not be traced in any register either because of errors 
in the original records or because they had disappeared. 
Fifty-eight men and 27 women had cancers diagnosed 
before or within 1 month after the ulcer operation and 
106 men and 21 women did not survive the operation, 
consequently leaving for analysis 2975 male subjects and 
944 female subjects—a total of 3919 persons. Person years 
of risk were 67,220 years (men 51,020 years, women 
16,200 years). The average time of observation for both 
men and women was 17.15 years. 

A total of 38 gastric cancers were observed in the male 
subjects (vs. 39.06 expected), resulting in a relative risk 
(RR) of 0.97 (95% confidence limits 0.69-1.64), x? = 0.01 
(NS). Thirteen of these cancers were observed wjthin 5 
years after the ulcer operation. When excluding these 5 
years because of the risk of uncertain ulcer Gaps at 
the time of surgery the RR is 0.87 (NS). 

Eight cancers were observed in women (vs. 7.91 ex- 
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TABLE 2. Observed and Expected (O/E) Gastric Cancers in Men with Duodenal Ulcer (DU), Gastric Ulcer (GU), Billroth I Resection (BI), and 
Billroth II Resection (BII) by 5-Year Intervals with Relative Risk (RR) and 95% Confidence Limits in Parentheses 


Follow-up 5-9 (years) 10-14 (years) 
Interval O/E O/E 
DU 3/5.5 2/5.1 
RR 0.5 0.4 
(0.1-1.6) (0.05-1.4) 
GU 0/2.8 1/2.6 
RR 0.0 0.4 
(0-1.3) (0.01-2.1) 
BI 0/0.9 0/0.8 
RR 0.0 0.0 
(0-4.1) (0-4.6) 
BII 3/6.2 3/6.0 
RR 0.5 0.5 


(0.1-1.5) 


pected), with a RR of 1.01 (95% confidence limits 0.44- 
1.99), x? = 0.02 (NS). Four of these cancers were diagnosed 
within 5 years after operation, resulting in a RR of 0.66 
(NS) after these years. The relation between the relative 
cancer risk and the time from the ulcer operation in the 
total material is seen in Figure 1. 

Tables 2 (male subjects) and 3 (female subjects) show 
the relation between observed and expected cancers in 5- 
year bands related to duodenal and gastric ulcers and Bill- 
roth I and Billroth II gastric resections. From this appears 
that the group carrying the highest risk is men who have 
undergone a Billroth II gastric resection (totally 2077 pa- 
tients). In Table 4 the relative cancer risk in Billroth II 
resected patients with either gastric or duodenal ulcers 
and in patients with perforated ulcers treated with simple 
suture has been studied. The essential relations between 
time after operation and cancer incidence are illustrated 
in Figures 1 to 4. In all groups of patients with gastric 
resections, a decrease of cancer risk was observed in the 
first 15 postoperative years succeeded by an increase after 
15 years. The risk of developing gastric cancer after a 
simple suture for perforated ulcer was minimal. 


15-19 (years) 20-24 (years) >24 (years) 
O/E O/E O/E 
4/4.5 5/3.2 1/0.5 

0.9 1.6 1.9 
(0.2-2.3) (0.5-3.6) (0.04-11) 
3/2.0 1/1.3 0/0.1 
1.5 0.8 0.0 
(0.3-4.4) (0.02-4.3) (0-36.8) 
1/0.7 1/0.5 0/0. 1 
1.5 2.1 0.0 
(0.04-7.9) (0.05—11.1) (0-36.8) 
6/5.2 5/3.6 2/0.6 
1.2 1.4 3.4 
(0.4-2.5) (0.5-3.2) (2.1-12) 


The analysis of symptom duration before ulcer surgery 
(Table 5) revealed that men with a long duration of symp- 
toms accounted for a large number of cancer incidences 
but with no increase in relative risk, corresponding to the 
fact that they represent a large group of patients (1546). 
Women with a short duration of symptoms had a high 
relative risk, but three of the four cancers were diagnosed 
within 4 years after the primary operation, with the pos- 
sible risk of overlooked cancers at the primary operation; 
therefore the figures are less valuable in an epidemiological 
study. 


Discussion 


Since the beginning of this century a rising interest in 
the long-term outcome of ulcer surgery has been noticed. 
Especially the cancer risk in the resected stomach has been 
debated and investigated.'"'* There is convincing evidence 
that the rate of intestinogastric reflux is of importance for 
the changes of the mucosa in the postoperative stomach 
and this has been studied experimentally in animals,'®-'® 
showing an increasing cancer risk in rats with increasing 


TABLE 3. Observed and Expected (O/E) Gastric Cancers in Women with Duodenal Ulcer (DU), Gastric Ulcer (GU), Billroth I Resection (BI), and 
Billroth II Resection (BII) by 5-Year Intervals with Relative Risk (RR) and 95% Confidence Limits in Parenthesis 





Follow-up 5-9 (years) 10-14 (years) 15-19 (years) 20-24 (years) >24 (years) 
Interval O/E O/E O/E O/E O/E 
DU 1/0.9 0/0.9 0/0.8 0/0.6 0/0.1 
RR 1} 0.0 0.0 0.0 0.0 
(0.03-6.2) (0-4.1) (0-4.6) (0-6.1) (0-36.8) 
GU 1/0.8 1/0.7 0/0.6 1/0.4 0/0.05 
RR 1.3 1.5 0.0 2.8 0.0 
(0.03-6.9) (0.04-7.9) (0-6.1) (0.06-13.9) (0-73) 
BI 0/0.2 0/0.2 0/0.2 0/0.01 0/0.03 
RR 0.0 0.0 0.0 0.0 0.0 
° (0- 
18.4) (0-18.4) (0-18.4) (0-368) (0-123) 
> Si 2/1.2 EZ 0/1.0 1/0.7 0/0.1 
A RR 1.7 0.8 0.0 1.4 0.0 
(0.2-6.0) (0.02-4.6) (0-3.7) (0.03-7.9) (0-36.8) 
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TABLE 4. Relative Risk (RR) for Gastric Cancer by 5-Year Intervals in Patients with Either Gastric (GU) or Duodenal Ulcer (DU) After Bilroth II 
(BII) Resection and in Patients Undergoing Simple Suture for Perforated Ulcer 


Follow-up 5-9 (years) 10-14 (years) 
Interval RR RR 
BII and DU 
1452 male patients 0.7 0.0 
378 female patients 1.6 0.0 
BII and GU 
424 male patients 0.0 0.7 
236 female patients 1.9 2.2 
Suture 
439 male patients 0.0 1.0 
118 female patients 0.0 0.0 


O/E, observed and expected gastric cancer. 


reflux rate. Also human studies indicate a correlation be- 
tween reflux and mucosal changes***? and between mu- 
cosal changes and cancer risk.*'!*? At the same time the 
bacteriological flora of the postoperative stomach is fa- 
voring the formation of nitrosamines*? that are considered 


RR 
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FiG. 2. Relative risk (RR) for gastric cancer in 5-year intervals after 
operation in Billroth II resected male subjects. RR = 1.0, means observed 


= expected. 


15-19 (years) 20-24 (years) >24 (years) Total 
RR RR RR O/E 
1.2 1.6 7 15/18.2 
0.0 0.0 0.0 1/3.07 
0.8 1.4 0.0 4/6.8 
0.0 4.6 0.0 5/22 
0.0 0.0 0.0 5/4.9 
0.0 0.0 0.0 1/0.7 


premalignant.**** Thus there is experimental evidence for 
an increased risk of gastric cancer in ulcer-operated pa- 
tients. This conclusion has also been reached in many 
clinical investigations,>®!%!43536 although others have 
found the opposite result.’*:'* Most of these studies, how- 
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FIG. 3. Relative risk (RR) for gastric cancer in 5-year interval§ after 
operation in Billroth I resected male subjects. RR = 1.0, means observed 
= expected. 
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ever, have weaknesses either because of small number of 
patients, selected patient groups (cancer patients, dead 
persons), or short or incomplete follow-up. To avoid these 
possible risks for mistakes, this prospective study has been 
conducted with a well-defined cohort and an epidemio- 
logical analysis exactly equal to the analysis of the total 
population in the same area and same period. 

The result of this study shows that the incidence of 
cancer in the postoperative stomach is not a major prob- 
lem, with only about 1% of cancers occurring during 28 
years. The evolution of cancer incidence with less than 
expected incidence of cancer during the first 15 years and 
thereafter an increase of cancer incidence does, in fact, 
correspond to the theory that postoperative damage to 
the mucosa of the gastric remnant after a certain time (15 
years) leads to an increase in stomach cancer incidence. 
The cancer incidence is less than expected in the first 
postoperative years probably because a small amount of 
gastric mucosa is exposed to possible cancerogenous 
agents and because of the infrequence of cancers in the 
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Fic. A. Relative risk (RR) for gastric cancer in 5-year intervals after 
operation in patients with simple suture for a perforated ulcer. RR 
= 1.0, means observed = expected. 
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TABLE 5. The Relation Between Duration of Symptoms Before Ulcer 
Surgery and Incidence of Gastric Stump Cancer 


Duration 
<1 year l-5 years >5 years 
Sex O/E O/E O/E 
Male 5/6.4 9/11.2 24/21.8 
Female 4/1.9 1/2.6 3/3.3 


O/E, observed and expected gastric cancer. 


upper part of the stomach. After 15 years a risk equal to 
the expected was observed, and a two- to threefold increase 
in the risk occurred more than 20 years after operation 
and was still located in that part of the stomach where 
cancers seldom occur. 

The group of patients undergoing simple suture for a 
perforated ulcer did not carry an increased risk of devel- 
oping gastric cancer. This might indicate that it is not the 
ulcer disease itself that carries an increased risk. The same 
conclusion may appear from the study of symptom du- 
ration in which patients with long-lasting symptoms before 
operation run the same risk after operation as do patients 
with shortlived symptoms. Thus it seems that the oper- 
ation per se may be acting as a precancerous agent. No 
difference was observed between gastric and duodenal ul- 
cers (in opposition to former studies***°*’), while the Bill- 
roth I resection seems to carry less risk than the Billroth 
II resection. However it should be kept in mind that this 
group of patients is statistically small. Even smaller is the 
group of patients with vagotomy and drainage, for whom 
the question of cancer incidence and postoperative risk 
must be unanswered. Some investigators have claimed an 
increase even after this operation,’ and naturally in the 
future it will be important to study the cancer incidence 
in those patients as well, and later in patients with a pa- 
rietal cell vagotomy. Even if the total amount of gastric 
cancers in patients who have undergone peptic ulcer sur- 
gery is not very large, there is an increase in the incidence 
of cancer in the resected stomach more than 15 years 
after operation, and this increase is due to a postoperative 
carcinogenesis. 

As a prophylaxis, patients with gastric resections or 
gastrojejunostomies performed more than 10 to 15 years 
before they are admitted because of abdominal complaints 
should be offered a gastroscopy with multiple biopsies. It 
has been demonstrated that this is the only reliable way 
to discover gastric stump cancers.?*°-” 
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Emptying of the Gastric Substitute After 


Total Gastrectomy 


Jejunal Interposition Versus Roux-Y Esophagojejunostomy 





JOHANNES MIHOLIC, M.D., HANS-J. MEYER, M.D., JOCHEN KOTZERKE, M.D.,* JÜRGEN BALKS, M.D.,t 
HERMANN AEBERT, M.D,. JOACHIM JAHNE, M.D., ARWED WEIMANN, M.D., and RUDOLF PICHLMAYR, M.D. 


Emptying of the gastric substitute and small bowel transit time 
of a ”™Tc-labeled solid test meal were measured in 20 tumor- 
free patients 13 to 63 (median, 35) months after total gastrectomy 
with Roux-y (n = 11) and jejunal interposition (n = 9) recon- 
struction. The emptying half-times ranged from 2 minutes to 
> 20 minutes. Rapid emptying was associated with dumping 
symptoms (p < 0.03) and shorter orocoecal transit-time (p 
< 0.05). Serum glucose concentrations rose more quickly in je- 
junal interposition, but the areas under the curve were identical 
in both groups. The median insulin-to-glucose ratio (areas under 
the curve) during the 20 minutes after the meal was 11.4 in 
jejunal interposition and 7.1 in Roux-y esophagojejunostomy 
(NS). Interposition cases had regained a significantly higher 
percentage (89%) of their premorbid weight than patients with 
Roux-y (78%; p < 0.05). The weight/height? ratio was above 
the 50" centile in 45% of interpositions, but below the 50* centile 
in all patients after the Roux-y mode of reconstruction (p < 0.05). 
It is concluded that the emptying velocity of the gastric substitute 
has no impact on postoperative weight gain. The authors contend 
that the concept of a gastric substitute pouch is not supported 
by the findings of this study. 


and long-term nutritional derangements are well- 

known consequences of total gastrectomy.’ Al- 
though the Roux-y esophagojejunostomy has gained the 
broadest acceptance as a mode of reconstruction, a variety 
of alternative procedures have been proposed, offering at 
least theoretical advantages. Preservation of the duo- 
denal passage in jejunal interposition®’ has been shown 
to be associated with enhanced postprandial release of 
hormones and regulatory peptides.*"'° In gastrectomized 
persons postprandially some of these hormones may ex- 
ceed physiological concentrations to a degree known to 
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influence small bowel motility.®!!-" Little is known about 
the transit of a solid meal after different modes of recon- 
struction.'*:!> It was the purpose of this study to compare 
the motility of the gastric substitute and small bowel after 
Roux-y and jejunal interposition, and to evaluate eventual 
relations to postprandial symptoms and long-term nutri- 
tional outcome. 


Patients and Methods 


Twenty patients were studied 13 to 61 (median, 36) 
months after total gastrectomy for cancer of the stomach. 
The patients were randomly selected for the study from 
the records of the outpatient clinic. Of 32 patients con- 
sidered tumor free who were contacted, 20 agreed to par- 
ticipate in the whole study. All patients had attended a 
regular follow-up and there was no evidence of tumor 
recurrence. The patients gave informed consent to par- 
ticipate in the study. The patients’ characteristics are out- 
lined in Table 1. The symptoms during the month pre- 
ceding the study were assessed using a questionnaire. The 
patients were classified as symptomatic if the symptoms 
were reported to occur more often than four days each 
week. Symptoms of early and late (later than 60 minutes 
postprandially) dumping were quantified according to the 
score of Sigstad.'®° Dysphagia was classified as mild if the 
symptoms were not reported spontaneously. 

The test meal used for the passage studies contained 
100g carbohydrates, 55% as mono- and disaccharides, and 
was free of lactose. It was made of cooked rice with 95 g 
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TABLE 1. Patient Characteristics (Medians) 


166 
Sex 
n Age (M:F ratio) Stage I + II 
Roux-y 11 58 2.7 73% 
Longmire 9 56 0.5 67% 
* p < 0.05. 


pineapples, 10 g protein concentrate (Fresenius, Oberursel, 
FRG), and 10 g sunflower oil (Vitaquell, Hamburg, FRG). 
Fifty milliliters of tap water were allowed with the meal. 
The patients stood in front of the scintillation camera 
while eating. The xiphoid and the umbilicus were marked 
with tracer for better orientation on the scintillation im- 
ages. A granulated resin, ““Chelex-100” (Biorad, Munich, 
FRG), labeled with 74 mBq ?’™Technetium was added to 
a spoonful of the risotto after the patient had eaten one 
half of it. The activity over the epigastrium was counted 
for 20 minutes and stored in a computer for later evalu- 
ation. A region of interest was drawn around the image 
of the proximal jejunal loop and time-activity curves were 
generated over a period of 20 minutes to evaluate the 
emptying of the gastric substitute. -Static images of the 
abdomen were acquired every 5 seconds during the first 
minute, every two minutes for 20 minutes, and every 20 
minutes until entry of tracer into the cecum was obvious. 
The time from ingestion until the first detection of activity 
in the cecum was recorded as orocecal transit time. 

Venous blood samples were drawn before the meal, 
and 10, 15, 20, 30, 45, 60, 90, 150, and 180 minutes after 
the end of the meal. The patients were monitored for 
sensations or symptoms of early or late dumping. The 
symptoms during the meal were scored according to Sig- 
stad by an investigator who was unaware of the type of 
reconstruction patients had previously undergone. Blood 
glucose was determined by the glucose oxidase method. 
Insulin was measured by radioimmunoassay. 


TABLE 2. History of Symptoms 


Number of 
Symptomatic Patients 


Symptom Roux-y Interposition 
Dysphagia, heartburn 3 2 
Loss of appetite I 2 
Postprandial fullness 6 8 
Early dumping* 4 3 
Late dumping* 3 2 
Postprandial pain 3 2 
Diarrhea > 3 days/week 4 3 
Intolerance to milk 6 5 


* Sigstad score = 7. 


Weight at Study Lowest Postop. Wt. 
Interval Preop Wt. 
(months) (% of preop. wt.) (kg) 
33 78% 71% 80 
38 89%* 76% 78 


The Mann-Whitney test, Fisher’s exact test and mul- 
tiple linear regression were applied where appropriate, 
choosing a p-value of 0.05 as the limit of significance. The 
Statview® software package was used for the calculations. 


Results 


A wide variety of symptoms of various degree was re- 
ported by the patients, but no symptom was significantly 
associated with one of the modes of reconstruction (Table 
2). All patients with late dumping also had early dumping 
symptoms. 


Scintigraphy 


All patients ate the meal within ten minutes. After dis- 
playing the early images the proximal loop was identified 
and an area of interest was drawn around its outlines. The 
time from peak activity until clearance of 50% of the ac- 
tivity from the area ranged from two to more than 20 
minutes. The emptying curves were classified as rapid and 
slow using a clearance half-time of six minutes as cutpoint. 
Two clusters of emptying velocities could be encountered: 
a rapid “bolus” form (Fig. 1), and a “flat” curve of slower 
emptying (Figs. 2 and 3). The two curve forms were 
equally distributed among Roux-y and Longmire-cases 
(Table 3). The time from ingestion until first detection of 
activity over the cecum was not significantly different 
among the two reconstructions (Table 3), but correlated 
with the rapidity of transit through the gastric substitute 
(Fig. 4). 

Sex, age, initial tumor stage, interval, preoperative 
weight/height* ratio (body mass index, BMI), weight (as 
percentage of preoperative weight, referred to as “relative 
weight” further in this text), and present BMI were not 
associated with slow or rapid emptying. The postprandial 
symptoms, however, were associated with rapid emptying, 
early and late dumping significantly (Fig. 5), and post- 
prandial pain and diarrhea with borderline significance 
(Table 4). Five of 7 patients with rapid emptying (Ty, 
< 6 minutes) were dumpers, but only 1 case of 11 with 
slow emptying of the gastric substitute (p = 0.026). Un- 
fortunately, the recording of the emptying curve to 
be terminated in two patients because of severe ane 
symptoms. 
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FIG. 1. Scintigram of a pa- 
tient with jejunal interponate. 
The region of interest is 
drawn around the interposed 19-05-08 
jejunal loop (top left). The es 
time-activity curve (top 
right) displays a rapid filling 
and emptying of the loop 
(“bolus” type of curve), and 
a minor residual activity 
(emptying half-time: 2 min- 
utes, 40 seconds). The static 
images show most of the ac- 
tivity in the loop at | minute 
(bottom left), and most of the 
activity outside the area at 7 
minutes after ingestion of the 
bolus (bottom right). The ar- 
rows indicate the markers at 
the xiphoid and umbilicus. 





Glucose and Insulin 


Serum insulin levels rose more quickly in patients with 
jejunal interposition (Fig. 6). The peak insulin levels oc- 
curred in some cases earlier after rapid emptying curves 
(median, 20 minutes) than in cases with slow emptying 
of the gastric substitute (median: 30 minutes; NS). The 
time interval between end of the meal and maximum 
insulin level correlated well with the orocecal transit time 
(Fig. 7). The basal insulin levels were not different between 
the two types of reconstruction and correlated only with 
the relative weight, with borderline (r = 0.47; p = 0.056) 
significance. The area under the insulin-concentration 
curve of the whole three-hour period was not significantly 
different between the Roux-y and interposition modes of 
reconstruction. 

The time course of blood glucose after the test meal 
paralleled the insulin concentrations. A faster rise of glu- 
cose was encountered in patients with jejunal interposition 
(Fig. 8), and the return to normal values occurred earlier 
(at 90 minutes), than in Roux-y cases (at 120 minutes). 
The orocecal transit time correlated with glucose at 60 
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minutes (r = 0.55; p = 0.04). The areas under the glucose 
concentration curve were almost identical in Roux-y 
(median, 1239 mmol 1~™' minute) and in jejunal inter- 
position (median, 1115). The integrated insulin-to-inte- 
grated glucose ratio (insulinogenic index)'’ was slightly 
higher in patients with interposition (median, | 1.4) than 
with Roux-y reconstruction (median, 7.1; NS) when cal- 
culated for the first 20 minutes, but was 8.1 and 7.4, re- 
spectively, for the whole three-hour period. 


Body Mass 


The median body weight before appearance of the tu- 
mor-related symptoms was not significantly different in 
both groups of reconstruction. The maximum weight loss 
after total gastrectomy was 17% to 49% (median, 29%) in 
Roux-y and 4% to 41% (median, 24%) in interposition 
patients (NS). The nadir of body weight was reached 
within the first 12 months in all patients. At the time of 
study patients with jejunal interposition had regained 89% 
of their preoperative weight, whereas Roux-y patients had 
regained 78% (Mann-Whitney: p = 0.08). The body mass 
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index was below the 50th centile for sex and age’® in all 
Roux-y cases, but only in five of nine patients with in- 
terposition (p < 0.05; Figs. 9 and 10). The relative weight 
was positively correlated with the time interval since op- 
eration (r = 0.532; p = 0.016). The severity of postprandial 
symptoms (Sigstad’s score) did not correlate with the rel- 





0 200 400 600 1000 1500 
emptying half-time (t) of the gastric substitute 
(seconds) 


- Fic. 3. Distribution of emptying velocities of the Roux limb (¢) and 
jejunal interponate (0). Two clusters of emptying velocities can be en- 
countered using a t, of 6 minutes as cutpoint. 
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FIG. 2. Area, activity curve, 
and static images of a slowly 
emptying proximal loop in a 
patient with Roux-y esopha- 
gojejunostomy (ty:8 min- 
utes). 
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ative weight, which was the same (82%) in dumpers and 
in nondumpers. Accordingly, the minimal postoperative 
weight was 72% of the preoperative weight in dumpers 
and in nondumpers. None of the other postprandial 
symptoms correlated significantly with relative weight. 


Discussion 


Malnutrition and early and late postprandial symptoms 
are well-known complications after total gastrectomy, 
even after successful tumor eradication.'~* The impact of 
the preservation of the duodenal passage on symptoms 
and nutrition is not yet understood. Although some stud- 


TABLE 3. Passage Times Assessed by Scintigraphy 





Orocoecal 
Rapid Slow Transit 
Emptying Emptying (minutes) 
Roux-y* 3 7 200 + 28 
Longmire* 4 4 18324 19 


* Time-activity curve not completed in one patient of each group 
because of massive dumping symptoms. 
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FIG. 4. Orocecal transit after slow and rapid emptying of the gastric 
substitute (Mann-Whitney: p = 0.02) in Roux-y (e) and jejunal inter- 
position (0) cases. 


ies have evaluated the Roux-y type of reconstruction with 
respect to motility and absorptive function, there are 
hardly any studies comparing gastric replacements after 
longer periods.” !”?0 

The two groups in our series, i.e., Roux-y esophago- 
jejunostomy and jejunal interposition, were fit for such a 
study because there were no differences regarding age, 
initial tumor stage, interval since operation and preop- 
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FIG. sfEmiptying curve of the gastric substitute and dumping symptoms 
(Sigstad-score; Mann-Whitney: p < 0.05). 
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TABLE 4. Postprandial Symptoms and Rapid Emptying 
of the Gastric Substitute 


Significant 
Association of 
Symptoms with 


Incidence of 
Rapid Emptying* 
in Symptomatic 


Symptom Patients Rapid Emptying 
Dysphagia, heartburn 3/5 0.254 
Loss of appetite 2/2 0.060 
Postprandial fullness 6/12 0.172 
Early dumpingt 5/7 (71%) 0.024 
Late dumpingt 4/5 (80%) 0.027 
Postprandial pain 3/4 0.093 
Diarrhea > 3 days/week 4/6 0.087 
Intolerance to milk 4/10 0.387 


* Two dumpers with missing scintigrams not included. 
+ Sigstad score > 7. 


erative weight. Only patients without evidence of tumor 
recurrence during regular follow-up examinations were 
admitted to the study. The maximal postoperative weight 
loss—about 30% in both groups—is in accordance with 
published data,*?' but a higher percentage of the preop- 
erative weight or weight/height? is gained in patients with 
jejunal interposition. The time interval has significant 
impact, and further weight gain can be expected between 
2 and 4 years after gastrectomy. 

Early and late postprandial symptoms have been as- 
sumed to be factors in the inability of some patients to 
gain weight after total gastrectomy. Diminished intake of 
nutrients because of fear of dumping symptoms might be 
a pathogenetic factor for postgastrectomy malnutrition.” 
The reported incidence of dumping ranges from 7.5% to 
100% after total gastrectomy.'*"? At least in partial gas- 
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FIG. 6. Serum insulin after test meal in patients with Roux-y (¢) and 
jejunal interposition (0). 
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FIG. 7. Time interval until insulin peak and small bowel transit time (r 
= 0.72; p = 0.0012). 


trectomy a tendency towards improvement with time was 
assumed.’ In contrast to these reports, in our series the 
incidence of dumping was 20% after an interval < 36 
months, and 50% after a longer interval since gastrectomy 
(NS). There was no significant association between 
dumping and type of reconstruction, although Roux-Y 
cases had slightly more intense symptoms. Comparing 
the incidence and intensity of dumping among published 
reports is cumbersome because a large variety of defini- 
tions and scores have been used.'* The weight deficit after 
total gastrectomy, however, cannot be explained by the 
early and late dumping symptoms. 

Rapid gastric emptying is the well-known cause of early 
and late dumping after various gastric procedures.*>”* In 
our series the passage through the gastric substitute tended 
to be quicker in the interposition cases, and orocecal tran- 
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Fic. 8. Time course of glucose in Roux-y (e) and interposition (0) cases. 
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FIG. 9. Minimal postoperative weight and weight at study after total 
gastrectomy. 


sit—correlating well with the scintigraphic emptying 
curves—was shorter, although not significantly. Impaired 
motility of the Roux-limb has been documented by several 
authors.**° Different hormonal and/or paracrine mech- 
anisms may contribute to the different transit times in 
the two types of reconstruction. Enteroglucagon, which 
is released after contact of undigested nutrients with je- 
junal mucosa, reaches higher serum levels after partial 
and total gastrectomies bypassing the duodenum. In these 
patients enteroglucagon levels exceed physiologic con- 
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FIG. 10. Centiles of BMI corrected for sex and age in patients with Roux- 
y and jejunal interposition. A 
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centrations up to concentrations known to inhibit small 
bowel motility.”*° High enteroglucagon levels in Roux-y 
cases may in part account for slow proximal and distal 
transit. 

The construction of a gastric substitute pouch has been 
proposed by some authors as a means of ameliorating 
postprandial symptoms and nutritional performance. The 
data of our study, however, do not support the necessity 
of a gastric substitute pouch. The area under the glucose 
curve was not different between Roux-y and interposition, 
but glucose rose with delay in the former group. Moreover, 
the emptying curves tended to be slower in Roux cases. 
Emptying of the Hunt-Lawrence—Rodino pouch (mod- 
ified Roux-y with oral gastric substitute pouch) after total 
gastrectomy has been investigated by Sonntag and 
coworkers?” using labeled ??"Tc-semisolid test meals. In 
addition to the surgically fashioned pouch, they found a 
further reservoir in the distal part of the Roux limb in all 
cases. Despite pouch formation a rapid emptying was 
found in 7 of 24 patients, accompanied by dumping in 
one. If the purpose of a gastric substitute pouch is to delay 
emptying and absorption, then the Roux limb seems to 
perform better as a reservoir than the interposed jejunal 
loop. The smaller (NS) incidence of postprandial fullness 
in Roux-y cases may indicate a “pouch function.” The 
better nutritional performance of interposition, however, 
suggests, that the reservoir function of a gastric substitute 
is of minor importance for the nutritional outcome. 

Although initial emptying and the orocecal transit were 
slightly faster in jejunal interposition, these patients re- 
gained a higher percentage of their preoperative weight. 
Obviously mechanisms other than accelerated intestinal 
transit are significant in postgastrectomy malnutrition. 
This finding corresponds to earlier experimental work in 
dogs** showing that preservation of the duodenal passage 
was the most effective single measure to improve food 
intake and weight gain after total gastrectomy, whereas 
slowing intestinal transit by reversed jejunal segments had 
no effect. 

There was markedly different time course of insulin 
concentrations in Roux-y and interposition cases. 
Whereas the BMI was the most significant correlate for 
basal insulin, jejunal interposition was independently as- 
sociated with higher early postprandial insulin levels. The 
higher early insulin levels in jejunal interposition are 
probably caused by earlier glucose absorption. Better 
mixing of nutrients with pancreatic secretions resulting 
in quicker digestion of starch may be the cause. Accord- 
ingly, such a delayed rise of glucose in Roux-y could not 
be shown with oral glucose loading.* The identical areas 
under the glucose curves of Roux-y and interposition cases 
suggest that the absorption of carbohydrates is only de- 
layed, not diminished, in Roux patients eating this specific 
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test meal. The trend towards a higher insulin/glucose ratio 
in the first 20 minutes suggests that the insulin response 
to the glucose rise may be more vigorous with preserved 
duodenal passage. This enhanced response was encoun- 
tered in previous oral glucose tolerance tests and ascribed 
to insulinotropic hormones such as the gastric inhibitory 
peptide (GIP). 

The early rise of glucose in patients with jejunal inter- 
position is probably explained by a more rapid emptying 
of the proximal loop, but in part a faster digestion and 
absorption must be hypothesized. Whereas the faster 
emptying accounts for the early and late dumping syn- 
drome, no association with postoperative weight gain 
could be encountered. The mode of reconstruction that 
performed better as “‘pouch,” the Roux-y esophagojeju- 
nostomy, was associated with less favorable nutritional 
outcome. Whether this is due to impaired intake or to 
other mechanisms remains to be determined.””” It is our 
contention that the concept of a gastric substitute pouch 
is not supported by the findings of this study. 
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BRIEF SUMMARY 
CONSULT PACKAGE INSERT FOR FULL PRESCRIBING INFORMATION 


INDICATIONS AND USAGE 
Cipro” is indicated for the treatment of infections caused by susceptible strains of the designated microorganisms in 
the conditions listed below: 
Lower Respiratory Infections caused by Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae, Proteus 
mirabilis, Pseudomonas aeruginosa, Haemophilus influenzae, Haemophilus parainfluenzae, and Streptococcus 
pneumoniae. 
Skin and Skin Structure Infections caused by Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae, 
Proteus mirabilis, Proteus vulgaris, Providencia stuartii, Morganella morganii, Citrobacter freundii, Pseudomonas 
aeruginosa, Staphylococcus aureus, Staphylococcus epidermidis, and Streptococcus pyogenes. 
Bone and Joint Infections caused by Enterobacter cloacae, Serratia marcescens, and Pseudomonas aeruginosa. 
Urinary Tract Infections caused by Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae, Serratia marces- 
cens, Proteus mirabilis, Providencia rettgeri, Morganella morganii, Citrobacter diversus, Citrobacter freundii, Pseudo- 
monas aeruginosa, Staphylococcus epidermidis, and Streptococcus faecalis. 
Infectious Diarrhea caused by Escherichia coli (enterotoxigenic strains), Campylobacter jejuni, Shigella flexneri, * 
and Shigella sonnei* when antibacterial therapy is indicated. 
*Efficacy for this organism in this organ system was studied in fewer than 10 infections. 
CONTRAINDICATIONS 
A history of hypersensitivity to ciprofloxacin is a contraindication to its use. A history of hypersensitivity to other 
quinolones may also contraindicate the use of ciprofloxacin. 
WARNINGS 
CIPROFLOXACIN SHOULD NOT BE USED IN CHILDREN, ADOLESCENTS, OR PREGNANT WOMEN. The oral adminis- 
tration of ciprofloxacin caused lameness in immature dogs. Histopathological examination of the weight-bearing 
joints of these dogs revealed permanent lesions of the cartilage. Related drugs such as nalidixic acid, cinoxacin, and 
norfloxacin also produced erosions of cartilage of weight-bearing joints and other signs of arthropathy in immature 
animals of various species (SEE ANIMAL PHARMACOLOGY SECTION IN FULL PRESCRIBING INFORMATION). 
PRECAUTIONS 
General: As with other quinolones, ciprofloxacin may cause central nervous system (CNS) stimulation, which may 
lead to tremor, restlessness, lightheadedness, confusion, and rarely to hallucinations or convulsive seizures. There- 
fore, ciprofloxacin should be used with caution in patients with known or suspected CNS disorders, such as severe 
cerebral arteriosclerosis or epilepsy, or other factors which predispose to seizures (SEE ADVERSE REACTIONS). 

Anaphylactic reactions following the first dose have been reported in patients receiving therapy with quinolones. 
Some reactions were accompanied by cardiovascular collapse, loss of consciousness, tingling, pharyngeal or facial 
edema, dyspnea, urticaria, and itching. Only a few patients had a history of hypersensitivity reaction. Anaphylactic 
reactions may require epinephrine and other emergency measures. Ciprofloxacin should be discontinued at the first 
sign of hypersensitivity or allergy. 

Severe hypersensitivity reactions characterized by rash, fever, eosinophilia, jaundice, and hepatic necrosis with 
fatal outcome have been reported rarely (less than one per million prescriptions) in patients receiving ciprofloxacin 
along with other drugs. The possibility that these reactions were related to ciprofloxacin cannot be excluded. 
Ciprofloxacin should be discontinued at the first appearance of a skin rash or any sign of other hypersensitivity 
reaction. 

Crystals of ciprofloxacin have been observed rarely in the urine of human subjects but more frequently in the urine 
of laboratory animals (SEE ANIMAL PHARMACOLOGY SECTION IN FULL PRESCRIBING INFORMATION). Crystalluria 
related to ciprofloxacin has been reported only rarely in man, because human urine is usually acidic. Patients 
receiving ciprofloxacin should be well hydrated, and alkalinity of the urine should be avoided. The recommended daily 
dose should not be exceeded. Alteration of the dosage regimen is necessary for patients with impairment of renal 
function (SEE DOSAGE AND ADMINISTRATION). 

As with any potent drug, periodic assessment of organ system functions, including renal, hepatic, and hemato- 

poietic function, is advisable during prolonged therapy. 
Drug Interactions: As with other quinolones, concurrent administration of ciprofloxacin with theophylline may lead to 
elevated plasma concentrations of theophylline and prolongation of its elimination half-life. This may result in 
increased risk of theophylline-related adverse reactions. If concomitant use cannot be avoided, plasma levels of 
theophylline should be monitored and dosage adjustments made as appropriate. 

Quinolones, including ciprofloxacin, have also been shown to interfere with the metabolism of caffeine. This may 
lead to reduced clearance of caffeine and a prolongation of its plasma half-life. 

Antacids containing magnesium hydroxide or aluminum hydroxide may interfere with the absorption of ciproflox- 
acin resulting in serum and urine levels lower than desired; concurrent administration of these agents with ciproflox- 
acin should be avoided. 

Concomitant administration of the nonsteroidal anti-inflammatory drug fenbufen with a quinolone has been 
reported to increase the risk of CNS stimulation and convulsive seizures. 

Probenecid interferes with the renal tubular secretion of ciprofloxacin and produces an increase in the level of 
ciprofloxacin in the serum. This should be considered if patients are receiving both drugs concomitantly. 

As with other broad-spectrum antibiotics, prolonged use of ciprofloxacin may result in overgrowth of nonsuscepti- 
ble organisms. Repeated evaluation of the patient's condition and microbial susceptibility testing is essential. If 
superinfection occurs during therapy, appropriate measures should be taken. 

Information for Patients: Patients should be advised that ciprofloxacin may be taken with or without meals. The 
preferred time of dosing is two hours after a meal. Patients should also be advised to drink fluids liberally and not take 
antacids containing magnesium or aluminum. Patients should be advised that ciprofloxacin may be associated with 
hypersensitivity reactions, even following a single dose, and to discontinue the drug at the first sign of a skin rash or 
other allergic reaction. Ciprofloxacin may cause dizziness or lightheadedness; therefore patients should know how 
they react to this drug before they operate an automobile or machinery or engage in activities requiring mental 
alertness or coordination. Patients should be advised that ciprofloxacin may increase the effects of theophylline and 
caffeine. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Eight in vitro mutagenicity tests have been conducted with 
ciprofloxacin and the test results are listed below: 

Salmonella/Microsome Test (Negative) 

E. coli DNA Repair Assay (Negative) 

Mouse Lymphoma Cell Forward Mutation Assay (Positive) 

Chinese Hamster V» Cell HGPRT Test (Negative) 

Syrian Hamster Embryo Cell Transformation Assay (Negative) 

Saccharomyces cerevisiae Point Mutation Assay (Negative) 

Saccharomyces cerevisiae Mitotic Crossover and Gene Conversion Assay (Negative) 

Rat Hepatocyte DNA Repair Assay (Positive) 
Thus, two of the eight tests were positive, but the results of the following three in vivo test systems gave negative 
results: 

Rat Hepatocyte DNA Repair Assay 

Micronucieus Test (Mice) 

Dominant Lethal Test (Mice) 
Long-term carcinogenicity studies in rats and mice have been completed. After daily oral dosing for up to 2 years, 
there is no evidence that ciprofloxacin had any carcinogenic or tumorigenic effects in these species. 


® CONVENIENT B./.D. DOSAGE 
GR Dosage guidelines 

Mild/Moderate Infections: 500 mg q12h 
Severe/Complicated Infections: 750 mg qi2h 


Pregnancy—Pregnancy Category C: Reproduction studies have been performed in rats and mice at doses up to 6 
times the usual daily human dose and have revealed no evidence of impaired fertility or harm to the fetus due to 
ciprofloxacin. In rabbits, as with most antimicrobial agents, ciprofloxacin (30 and 100 mg/kg orally) produced 
gastrointestinal disturbances resulting in maternal weight loss and an increased incidence of abortion. No terato- 
genicity was observed at either dose. After intravenous administration, at doses up to 20 mg/kg, no maternal toxicity 
was produced, and no embryotoxicity or teratogenicity was observed. There are, however, no adequate and well- 
controlled studies in pregnant women. SINCE CIPROFLOXACIN, LIKE OTHER DRUGS IN ITS CLASS, CAUSES 
ARTHROPATHY IN IMMATURE ANIMALS, IT SHOULD NOT BE USED IN PREGNANT WOMEN (SEE WARNINGS). 
Nursing Mothers: It is not known whether ciprofloxacin is excreted in human milk; however, it is known that 
ciprofloxacin is excreted in the milk of lactating rats and that other drugs of this class are excreted in human milk. 
Because of this and because of the potential for serious adverse reactions from ciprofloxacin in nursing infants, a 
decision should be made to discontinue nursing or to discontinue the drug, taking into account the importance of the 
drug to the mother. 
Pediatric Use: Patients under the age of 18 were not included in the clinical trials of ciprofloxacin because ciproflox- 
acin as well as other quinolones causes arthropathy in immature animals. Ciprofloxacin should not be used in 
children or adolescents (SEE WARNINGS). 

ADVERSE REACTIONS 


Ciprofloxacin is generally well tolerated. During clinical investigation, 2,799 patients received 2,868 courses of the 
drug. Adverse events that were considered likely to be drug related occurred in 7.3% of courses, possibly related in 
9.2%, and remotely related in 3.0%. Ciprofloxacin was discontinued because of an adverse event in 3.5% of courses, 
primarily involving the gastrointestinal system (1.5%), skin (0.6%), and central nervous system (0.4%). Those 
events typical of quinolones are italicized. 
The most frequently reported events, drug related or not, were nausea (5.2%), diarrhea (2.3%), vomiting (2.0%), 
abdominal pain/discomfort (1.7%), headache (1.2%), restlessness (1.1%), and rash (1.1%). 
Additional events that occurred in less than 1% of ciprofloxacin courses are listed below. 
GASTROINTESTINAL: (See above), painful oral mucosa, oral candidiasis, dysphagia, intestinal perforation, 
gastrointestinal bleeding. 
CENTRAL NERVOUS SYSTEM: (See above), dizziness, lightheadedness, insomnia, nightmares, hallucinations, 
manic reaction, irritability, tremor, ataxia, convulsive seizures, lethargy, drowsiness, weakness, malaise, ano- 
rexia, phobia, depersonalization, depression, paresthesia. 
SKIN/HYPERSENSITIVITY: (See above), pruritus, urticaria, photosensitivity, flushing, fever, chills, angioedema, 
edema of the face, neck, lips, conjunctivae or hands, cutaneous candidiasis, hyperpigmentation, erythema 
nodosum. 
Allergic reactions ranging from urticaria to anaphylactic reactions have been reported (SEE PRECAUTIONS). — 
SPECIAL SENSES: blurred vision, disturbed vision (change in color perception, overbrightness of lights), 
decreased visual acuity, diplopia, eye pain, tinnitus, hearing loss, bad taste. 
MUSCULOSKELETAL: joint or back pain, joint stiffness, achiness, neck or chest pain, flare-up of gout. 
RENAL/UROGENITAL: interstitial nephritis, nephritis, renal failure, polyuria, urinary retention, urethral bleeding, 
vaginitis, acidosis. 
CARDIOVASCULAR: palpitations, atrial flutter, ventricular ectopy, syncope, hypertension, angina pectoris, 
myocardial infarction, cardiopulmonary arrest, cerebral thrombosis. 
RESPIRATORY: epistaxis, laryngeal or pulmonary edema, hiccough, hemoptysis, dyspnea, bronchospasm, 
pulmonary embolism. 
Most of the adverse events reported were described as only mild or moderate in severity, abated soon after the 
drug was discontinued, and required no treatment. 
In several instances, nausea, vomiting, tremor, restlessness, agitation, or palpitations were judged by investiga- 
tors to be related to elevated plasma levels of theophylline possibly as a result of a drug interaction with ciprofloxacin. 
Other adverse events reported in the postmarketing phase include anaphylactoid reactions, Stevens-Johnson 
syndrome, exfoliative dermatitis, toxic epidermal necrolysis, hepatic necrosis, postural hypotension, possible exa- 
cerbation of myasthenia gravis, confusion, dysphasia, nystagmus, pseudomembranous colitis, dyspepsia, flatu- 
lence, and constipation. Also reported were agranulocytosis; elevation of serum triglycerides, serum cholesterol, 
blood glucose, serum potassium; prolongation of prothrombin time; albuminuria; candiduria, vaginal candidiasis; 
and renal calculi (SEE PRECAUTIONS). 
Adverse Laboratory Changes: Changes in laboratory parameters listed as adverse events without regard to drug 
relationship: 
Hepatic—Elevations of: ALT (SGPT) (1.9%), AST (SGOT) (1.7%), alkaline phosphatase (0.8%), LDH (0.4%), 
serum bilirubin (0.3%). 
Cholestatic jaundice has been reported. 
Hematologic—eosinophilia (0.6%), leukopenia (0.4%), decreased blood platelets (0.1%), elevated blood 
platelets (0.1%), pancytopenia (0.1%). 
Renal— Elevations of: Serum creatinine (1.1%), BUN (0.9%). 
CRYSTALLURIA, CYLINDRURIA, AND HEMATURIA HAVE BEEN REPORTED. 
Other changes occurring in less than 0.1% of courses were: Elevation of serum gammaglutamyl transferase, 
elevation of serum amylase, reduction in blood glucose, elevated uric acid, decrease in hemoglobin, anemia, 
bleeding diathesis, increase in blood monocytes, and leukocytosis. 
OVERDOSAGE 
Information on overdosage in humans is not available. In the event of acute overdosage, the stomach should be 
emptied by inducing vomiting or by gastric lavage. The patient should be carefully observed and given supportive 
treatment. Adequate hydration must be maintained. Only a small amount of ciprofloxacin ( < 10%) is removed from 
the body after hemodialysis or peritoneal dialysis. 
DOSAGE AND ADMINISTRATION 
The usual adult dosage for patients with urinary tract infections is 250 mg every 12 hours. For patients with 
complicated infections caused by organisms not highly susceptible, 500 mg may be administered every 12 hours. 
Lower respiratory tract infections, skin and skin structure infections, and bone and joint infections may be treated 
with 500 mg every 12 hours. For more severe or complicated infections, a dosage of 750 mg may be given every 12 
hours. 
The recommended dosage for infectious diarrhea is 500 mg every 12 hours. 
In patients with renal impairment, some modification of dosage is recommended (SEE DOSAGE AND ADMINIS- 
TRATION SECTION IN FULL PRESCRIBING INFORMATION). 
HOW SUPPLIED 
Cipro® (ciprofloxacin HCI/Miles) is available as tablets of 250 mg, 500 mg, and 750 mg in bottles of 50, and in Unit- 
Dose packages of 100 (SEE FULL PRESCRIBING INFORMATION FOR COMPLETE DESCRIPTION). 
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Influence of Site of Origin and Mucin Production 
on Survival in Ampullary Carcinoma 





PETER J. DAWSON, M.D., F.R.C. PATH.,* and MARK M. CONNOLLY, M.D.t 


We studied a series of 26 cases of carcinoma of the ampulla of 
Vater. There were 24 adenocarcinomas and two neuroendocrine 
tumors. Histologically the carcinomas could be divided into tu- 
mors arising from periampullary duodenal mucosa and those 
arising within the ampulla. True ampullary tumors had a sig- 
nificantly better 5-year survival rate (p = 0.028) than periam- 
pullary tumors. The type of mucin produced was investigated 
histochemically. Patients with true ampullary tumors producing 
predominantly sialomucins had a better prognosis than those 
with tumors secreting sulphated mucins (p = 0.045), but the 
numbers were small. We hypothesize that the most favorable 
type of ampullary carcinoma arises from biliary-type epithelium 
within the ampulla. 


E HAVE STUDIED CASES OF CARCINOMA of the 

ampulla of Vater at the University of Chicago 

over a 42-year period. We propose a classifi- 
cation of these tumors based on the site of origin and the 
type of mucin produced by the tumor cells that appears 
to identify those cases that carry the best prognosis. 

The ampulla that Abraham Vater described in 1720 
lies within the wall of the duodenum. It is a flask-shaped 
structure formed by fusion of the main pancreatic duct 
of Wirsung and the common bile duct. There are several 
anatomic variations of the termination of these ducts,’ 
and a true ampulla is present in only about one half of 
the population. Histologically, the ampulla is said to be 
lined by bile duct epithelium.” However, it represents a 
confluence of three types of epithelium, biliary, duodenal, 
and pancreatic, and carcinomas occurring within this re- 
gion could arise theoretically from any one of them. While 
such tumors are relatively rare, more people, in both ab- 
solute and relative terms, survive carcinoma of the am- 
pulla of Vater than the much more common carcinoma 
of the pancreas. Nonetheless, the majority of patients die 
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of their disease. Because the region is so complicated an- 
atomically, it seemed to us that all tumors occurring at 
this site might not have the same histogenesis, and that 
this might be the explanation of the behavioral differences. 
Further, because there are differences in mucin production 
by the various epithelia that come together at the ampulla,’ 
we used a battery of mucin stains to supplement and ex- 
pand our histologic observations. 


Methods and Materials 


We have been comprehensively reviewing cases of pan- 
creatic cancer seen at the University of Chicago. For the 
present study we reviewed all cases indexed as carcinoma 
of the ampulla of Vater in the Laboratory of Surgical Pa- 
thology and the Registry of Neoplastic Diseases at the 
University of Chicago Medical Center from 1943 to 1985. 
We have previously, as part of another study, reviewed 
cases of carcinoma of the pancreas operated on at our 
institution between 1946 and 1983.4 The present study 
was restricted to cases in which the tumor clearly arose 
within the ampulla or from periampullary duodenal mu- 
cosa and in which a curative resection had been per- 
formed. In all cases but two, resection was carried out at 
our institution. 

Follow-up data was obtained in all cases. Survival was 
measured from the date of operation. Survival curves were 
estimated using the Kaplan-Meier method,” and the sig- 
nificance of the difference in the two overall survival 
curves, as well the relationship between mucin secretion, 
tumor size, age, lymphatic invasion, and lymph node me- 
tastases and survival was tested using the Cox regression 
model.® 

A battery of four mucin stains was used to elucidate 
the nature of the mucins secreted. These included alde- 
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hyde fuchsin—alcian blue,’ which stains sulphated mucins 
purple and carboxylated mucins blue. Alcian blue-peri- 
odic acid Schiff (pH 2.5), which stains sulphated mucins 
aquamarine and other mucins magenta was also used, 
although at this pH this stain does not really distinguish 
between sulphated and carboxylated mucins. High iron 
diamine—alcian blue,’ which stains sulphated mucins 
black and other mucins magenta was used as well. In 
addition we used the KOH-AB 1.0-PAPS technique,!° 
which en: ies the simultaneous demonstration of both 
sulphated mucins (not containing sialomucin) and non- 
sulphated sialomucins. Cells containing the former stain 
blue, the latter magenta, and cells containing a mixture 
of both types of mucin stain purple. 


Results 


Total University of Chicago experience included 26 
cases of ampullary carcinoma that met our criteria for 
inclusion in this study, namely that histology was available 
and they had been operated on for cure. An additional 
20 cases were seen during this period but none of them 
had been operated on for cure. The clinical and pathologic 
details of these cases are summarized in Table 1. Men 
and women were equally affected and ranged from 37 to 
72 years in age, with a mean age of 57 years. Classically 
there has usually been a delay in the diagnosis of ampul- 
lary malignant neoplasms, and none of our cases was di- 
agnosed early. The majority of symptoms were secondary 
to obstruction at this strategic location, and therefore, were 
not directly related to the size and extent of the tumor. 
The triad of jaundice, pain, and weight loss was the most 
common presentation in our series, as has been the general 
experience. Nausea and vomiting also were commonly 
reported among our patients. Physical signs were minimal 
except for jaundice, which was by far the most common 
finding. This was always progressive and in one half of 
the patients was associated with fever and chills. Hepa- 
tomegaly was recorded, but a palpable gallbladder was 
not reported. In addition, guaiac-positive stools, clay-col- 
ored stools, and dark urine were noted in several cases. 
Thrombophlebitis, malabsorption, or diarrhea were not 
seen. 

Pathologically there were 24 adenocarcinomas and two 
neuroendocrine tumors. When we reviewed the carci- 
nomas histologically, it was clear that they could be di- 
vided into two groups, tumors apparently arising from 
periampullary duodenal surface mucosa (11 cases), and 
tumors arising within the ampulla proper (11 cases), a 
division that has been made by others.!'!!* In the two 
remaining carcinomas, the point of origin could not be 
determined. There was no significant difference in age at 
operation between patients with tumors in the two ana- 
tomic locations. The duodenal tumors were larger with a 
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FIG. 1. (Case 13) Infiltrating well-differentiated adenocarcinoma devel- 
oping in the base of a villous adenoma. The tumor is arising from peri- 
ampullary duodenal mucosa. (H&E X10.) 


mean maximum diameter of 2.6 cm (range, 1.0 to 5.5 
cm) compared to 1.4 cm (range, 0.8 to 2.5 cm) for intra- 
ampullary tumors (p = 0.013). The incidence of lymphatic 
invasion within the two groups was similar, although 
lymph node metastases were more frequent with duodenal 
tumors (six versus four cases). 

Histologically there were important differences between 
the two groups. Eight of 11 duodenal tumors resembled 
well-differentiated large bowel carcinomas. Six were pap- 
illary and four were clearly associated with a villous ad- 
enoma, but all showed invasion, often into the wall of the 
ampulla (Fig. 1). The remaining duodenal tumors grew 
as single cells or narrow trabeculae with some attempt at 
glandular differentiation and they lacked the exophytic 
character of the other tumors (Fig. 2). The 11 tumors 
arising within the ampulla were all well-differentiated ad- 
enocarcinomas. The majority formed small irregular 
glands that infiltrated into the wall of the ampulla (Fig. 
3). Only four of the ampullary lesions were papillary. 

The two remaining cases were both neuroendocrine 
tumors that arose within the ampulla. One exhibited the 
usual well-developed carcinoid pattern. It showed exten- 
sive growth within lymphatics and infiltrated through the 
wall of the duodenum into the head of the pancreas. The 
tumor was argyrophilic and was associated focally with 
an amyloid stroma. The other tumor was poorly differ- 
entiated and histologically resembled an oat cell carci- 
noma (Fig. 4). An unusual feature was the presence of 
severe dysplasia in the overlying ampullary epithelium. 

The 5-year survival rate (+ SE) was 18% (+ 12%) for 
tumors arising from duodenal mucosa compared to 55% 
(+ 15%) for intra-ampullary lesions. Survival curves (Fig. 
5) showed a statistically significant difference in survival 
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FIG. 2. (Case 16) Carcinoma arising in periampullary duodenal mucosa 
and infiltrating predominately as single cells. Although intramucosal in 
this photograph, elsewhere the tumor extends to the serosal surface. (H&E 
X48.) 


between the two groups (p = 0.028). With our small num- 
bers we could detect no statistically significant effect on 
survival of age, tumor size, lymphatic invasion, or lymph 
node status. Both patients with neuroendocrine tumors 
died within 1 year. 

In an attempt to identify more precisely patients who 
had a good prognosis, we looked at mucin production by 
the tumor cells. It is well known that different types of 
mucin are produced by the various regions of the gas- 
trointestinal tract and that neoplasia may be associated 
with a change in mucin production. In the case of the 





FIG. 3. (Case 8) Intra-ampullary carcinoma arising from the epithelial 
lining of the ampulla of Vater. (H&E X10.) 
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FIG. 4. (Case 26) Small-cell undifferentiated (oat cell) carcinoma arising 
in the mucosa of the ampulla of Vater. Note the atypical proliferation 
of the overlying intestinal epithelium. (H&E X50.) 


ampulla there are differences in mucin secretion by the 
normal epithelia that come together at this point. The 
main pancreatic duct contains predominantly sulphated 
mucins,” as does the epithelium of the gallbladder; but 
on the other hand the duodenal surface mucosa contains 
sialomucins and Brunner’s glands neutral mucins. The 
common bile duct contains predominantly sialomucins 
(and a trace of sulphated mucins). The staining of the 
ampulla of Vater varies. Sialomucins predominate in the 
lining epithelium near the opening into the duodenum. 
Deeper in the ampulla the lining epithelium, as well as 
the glands lying beneath the epithelium, secrete principally 
sulphated mucins. 





5 O I5 20 25 30 
TIME (YEARS) 


FIG. 5. A comparison of survival estimates for tumors arising from peri- 
ampullary duodenal surface mucosa (solid line) and tumors arising within 
the ampulla proper (dotted line). The 5-year survival rate is signifşgantly 
better for intra-ampullary tumors (p = 0.028). 4 
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TABLE 2. Results of Mucin Stains on Tumors Arising Within Ampulla of Vater and from Periampullary Duodenal Mucosa 


Aldehyde Fuchsin . Alcian Blue Potassium Hydroxide 
Case # High-Iron Diamine Alcian Blue Periodic Acid Schiff Alcian Blue 
Ampullary 
I —Bk + +Aq/P ++Ag 
2 —Bk +Agq ++M ++Aq 
3 +Bk +Aq ++M ++Aq 
4 —Bk $ +Aq/P +Aq 
5 +Bk++Aq +Aq ++Aqt+M ++Aq 
6 +Bk+++Aq +Aq+P +++Aq+M ++Aq+M 
7 +++Bk ++-+P +++P+M +++Aqt+P 
8 +—+Bk+Aq +++Aq +++P +++Aq 
9 +++Bk ++ +P +++M+++Aq +b Ag 
10 ++Bk ++Aq+P +++M-+P +++Aq+P 
i] —Bk t ++M +Aq 
Duodenal tumors 
. 2 +—+Bk+Aq +++Aq +++M+++P +++M 
13 -Bk ++Aq ++M ++Aq 
14 —Bk ++Aq +++M ++M+Aq 
15 +Bk +++AqtP +++M-+P +M 
16 ++Bk ++Aq ++M+P +++Aq 
17 Not Mucin Producing 
18 ++Bk ++-+P ++P ++Aq 
19 +++Bk +++Aq +4+M +++Aq 


Bk, black; Aq, aquamarine; P, purple; M, magenta. 


The results of our mucin stains are summarized in Ta- 
ble 2 in which the dominant staining is recorded. Among 
7 tumors arising from the duodenal mucosa, 5 contained 
sulphated mucins and 2 contained predominantly sialo- 
mucins. Among tumors arising within the ampulla, seven 
contained sialomucins and only four were producing sul- 


‘phated mucins. This difference in the type of mucin pro- 


duction correlated with prognosis. The prognosis for pa- 
tients with intra-ampullary sialomucin-secreting tumors 
was significantly better than for those patients whose tu- 
mors produce sulphated mucins (p = 0.045). 


Discussion 


The incidence of both carcinoma of the pancreas and 
carcinoma of the ampulla of Vater is increasing. While 
etiologic factors probably play a part in both diseases, the 
increase in carcinoma of the ampulla reflects, in part, its 
relatively recent accessibility to the fiberoptic endoscope 
and the biopsy loop. . 

In a large series of 2390 patients compiled by Wise et 
al.!3 from the literature, the 5-year survival rate was 29.3%; 
more recent results (Table 3), however, show some slight 
improvement. Although it has been stated that patients 
with tumors larger than 2 cm in diameter or with carci- 
noma-positive lymph nodes do not survive 5 years," this 
has pot been our experience. 

It has been well known that exophytic lesions of the 


ampulla tend to do better than infiltrative lesions, but this 
has not been well correlated with the site of tumor origin. 


_ Forrest and Longmire” first clearly distinguished between 


TABLE 3. Survival in Ampullary Cancer Following 
Pancreaticoduodenectomy 


Number of Operative 5-Year 
Author Year Patients Mortality Rate Survival 
Wise et al. (13) 

(collected series) 1976 2390 18.8% 29.3% 
Warren et al. (14) 1975 112 7.6% 32% 
Makipour et al. (15) 1976 23 8% 17% 
Nakase et al. (16)* 1977 330 16.4% 6% 
Treadwell et al. (17) 1978 3] 16% 32% 
Schlippert et al. (18) 1978 31 22.6% 10% 
Forrest znd 

Longmire (12) 1979 ys ae 14% 24% 
Williams et al. (19) 1979 21 11% 27% 
Herter et al. (20)” 1982 44 14.7% 27.8% 
Kellum et al. (21) 1983 17 11.8% 50% 
Knox and Kingston 

(22) 1986 24 30% 41% 
Tarazi et al. (23) 1986 105 7.8% 37.2% 
Yamaguchi and 

Enjoji (24) 1987 109 6% 28% 
Hayesetal (25) 1987 35 25% 53% 
Neoptolemos (26) 1988 23 N.A. 52.1% 
Present series 24 12.5% 29% 


* Recently published series some of which include cases previcusly 
reported and listed in the compilation of Wise et al. (13). 

N.A., not available; xx, mulftiinstitutional series; x, includes cases of 
carcinoma of the pancreas. 
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tumors arising in the ampulla and tumors arising from 
the duodenal mucosa in the region of the biliary and pan- 
creatic outflow tracts. Unfortunately they had only five 
duodenal tumors and follow-up did not extend beyond 2 
years, so that it was difficult to know if the two groups 
differed in prognosis. Cubilla and Fitzgerald'! also made 
the distinction between intra-ampullary and periampul- 
lary lesions and presented data to show that the 5-year 
survival rate was better in intra-ampullary (5/20 cases) 
than in periampullary or duodenal tumors (1/8). Their 
numbers were also small and there were more stage I tu- 
mors among the intra-ampullary tumors. In our series 
there was a significant difference in survival between the 
two groups that could not be accounted for by differences 
in pathologic stage. Only one patient with a duodenal 
type tumor is alive and only two patients survived 5 years. 
Among the same number of true ampiullary lesions, the 
corresponding figures are four and six patients, respec- 
tively. Unfortunately no one has a very large experience 
with ampullary carcinoma (see Table 3) and the criteria 
for case selection varies with different series. 

We would suggest, therefore, that the pathologist report 
ampullary tumors in terms that indicate their histologic 
site of origin so additional data can be gathered to sub- 
stantiate our impression. 

In several parts of the gastrointestinal tract the devel- 
opment of neoplasia has been associated with an alteration 
in the type of mucin produced. For example, in the colon 
and rectum the development of neoplasia is associated 
with replacement of the normal sulphated epithelial mu- 
cins by sialomucins.””’ We looked for a similar type of 
change associated with neoplastic transformation of the 
duodenal surface epithelium. For this purpose we found 
the high iron diamine reaction to be helpful in recognizing 
an alteration from the normal sialomucin to sulphated 
mucin. Although the KOH-AB 1.0-PAPS technique has 
certain theoretical advantages, in practice there are prob- 
lems in obtaining a sharp distinction between the two 
types of mucin.”* The fact that five of seven duodenal 
tumors secreted predominantly sulphomucins suggests 
that a similar type of transition might occur in the duo- 
denum. ` 

The situation in the ampulla is difficult to interpret for 
several reasons. First, the anatomy is complex with wide 
variations among individual patients. Second, the pattern 
of mucin secretion varies in different parts of the ampulla. 
Third, our numbers are quite small. The data suggest a 
correlation between the type of mucin secreted and prog- 
nosis. While the change could simply.be an epipheno- 
menon, it could also be a reflection of the site of origin. 
One could speculate, for example, that the one group of 
tumors arising in the ampulla that stain black with high 
iron diamine, purple with alcian blue-PAS, and blue or 
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purple with aldehyde fuchsin-alcian blue are merely ex- 
pressing the mucins of their epithelium of origin, namely 
the pancreatic duct or transformed duodenal mucosa. The 
other group of ampullary tumors secrete mucins, the 
reactivity of which appears to resemble the mucins se- 
creted by bile duct epithelium. It is this latter group that 
appears to have the best prognosis. 

Thus, it is tempting to speculate that what have been 
classified hithertofore by most pathologists as carcinomas 
of the ampulla of Vater, if true pancreatic neoplasms are 
rigorously excluded, arise from one of three epithelia, 
namely duodenal surface epithelium, pancreatic duct ep- 
ithelium from the duct of Wirsung or bile duct-like epi- 
thelium within the ampulla. Further it is suggested that 
the long- term survivors mostly have tumors arising from 
the latter type of epithelium. Additional work on a larger 
series of cases will be necessary to establish this hypothesis, 
which would certainly have important implications in the 
management of these cases. 
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The purpose of this study was to clarify the effect of orthotopic 
liver transplantation on hypersplenism. In a 1-year period from 
July 1, 1986 to June 30, 1987, 196 adult patients underwent 233 
orthotopic liver transplantations. Of the 58 patients with hy- 
persplenism who were analyzed in this study, hypersplenism was 
more commonly associated with postnecrotic cirrhosis than other 
_ kinds of liver disease (55.3% (47/85) vs. 14.5% (11/76); p 

< 0.001)). Postoperative platelet counts were statistically higher 
‘than preoperative values (p < 0.05). The latest platelet counts 
were more than 100,000/mm* in 53 patients (91.4%). Of the 
eight patients whose preoperative and postoperative spleen vol- 
umes could be compared, all showed the reduction in the spleen 
size (p < 0.02). We conclude that orthotopic liver transplantation, 
which is a radical surgical procedure for portal hypertension, 
reverses hypersplenism. 


YPERSPLENISM IS FREQUENTLY ASSOCIATED 

with liver cirrhosis, which commonly presents 

itself as splenomegaly with hematologic disor- 
ders, i.e., leukopenia, thrombocytopenia, and anemia.' 
The incidence of hypersplenism among cirrhotics varies 
from 15% to 70%,' and splenectomy is known to relieve 
the hematologic disorders associated with this clinical en- 
tity.” Passive congestion of the spleen due to portal hy- 
pertension is thought to cause the splenomegaly, which 
results in the sequestration and the destruction of the 
blood elements.°* Although portacaval and distal sple- 
norenal shunts are known to reduce the splenic vein pres- 
sure, the effect of these shunts on hypersplenism remains 
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controversial. ? Orthotopic liver transplantation (OLTx), 
which has become an accepted modality of treatment for 
end-stage liver disease,'°!! is a radical surgical procedure 
for portal hypertension. The purpose of this study was to 
evaluate the effect of OLTx on hypersplenism. 


Patients and Methods 


In a l-year period between July 1, 1986 and June 30, 


‘1987, 196 adult patients underwent 232 orthotopic liver 


transplantations (OLTx) at the Presbyterian University 
Hospital of Pittsburgh, University of Pittsburgh. Their 
ages ranged from 19 to 76 years, with a mean of 44.9 
years; 85 patients were men (43.4%). The indications for 
OLTx.consisted of postnecrotic cirrhosis in 101 patients, 


(21 alcoholic, 80 nonalcoholic), primary biliary cirrhosis 


in 41, primary sclerosing cholangitis in 20, neoplasm in 
10, and other indications in 24 patients. -Sixty-three of 
these patients (32.1%) demonstrated evidence of hyper- 
splenism, as indicated by leukocyte counts of less than 
5000/cmm and/or platelet counts of less than 100,000/ 
cmm, and had follow-up periods of more than 3 months. 
The age among these patients varied from 21 to 76 years, 
with a mean of 45.6, and 34 were men (54%). The indi- 
cations for OLTx were postnecrotic cirrhosis in 47 patients 
(10 alcoholic; 37 nonalcoholic), primary biliary cirrhosis 
in 5, primary sclerosing cholangitis in 4, neoplasm with 
postnecrotic cirrhosis in 1, and other indications in 6 pa- 
tients. Follow-up periods ranged from 133 to 547:days, 
with a mean of 355 days. Three of these patients developed 
pathologic thrombocytopenia: aplastic anemia, idiopathic 
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thrombocytopenic purpura, and systemic cytomegalovirus 
infection, respectively. These patients, as well as two other 
patients who underwent interferon treatment for the pre- 
vention of recurrent hepatitis B, were excluded from the 
investigation of the change in the platelet counts. The 
remaining 58 patients were analyzed in this study. The 
immunosuppressive regimen consisted of Cyclosporin and 
corticosteroids. Steroid-resistant rejection was treated 
with Orthoclone OKT®3 (Ortho Pharmaceutical Co., 
Raritan, NJ). 

Serial platelet counts were obtained from the charts on 
postoperative days 7, 14, 21, and 30. The most recent 
platelet counts were acquired from the outpatient clinic 
or from the family physicians. Postoperative leukocyte 
counts were not evaluated because of the effect of post- 
operative immunosupfression on the peripheral leukocyte 
counts. 

In 8 patients with hypersplenism, the spleen volume 
was measured from computed tomograms (CT) taken be- 
fore and 22 to 80 days after operation, with a mean of 41 
days after OLTx; these measurements were used for com- 
parison of changes in spleen size. 

Paired Student’s and Chi-square tests were used in the 
statistical evaluation in this study. 


Results 


Table | lists the incidence of hypersplenism in relation 
to indications for OLTx among patients who underwent 
OLTx and had follow-up periods of more than 3 months. 
The incidence of hypersplenism was significantly higher 
in patients with end-stage liver disease due to postnecrotic 
cirrhosis, either alcohclic or nonalcoholic in etiology (p 
< 0.001, X? = 29.08). 

Table 2 lists the changes in the platelet counts in dif- 
ferent categories. The patients with postnecrotic cirrhosis, 
either alcoholic or nonalcoholic, demonstrated statistically 
significant increases beginning with postoperative day 14 
(p < 0.05 or less). In the patients with primary biliary 
cirrhosis, a statistically significant difference was observed 
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TABLE 1. Indications for Orthotopic Liver Transplantation 
and the Incidence of Hypersplenism 


Patients 
Indication Total With Hypersplenism 
Postnecrotic cirrhosist 85 47 (55.3%) 
Alcoholic 16 9 (56.3%) 
Nonalcoholic 69 38 (51.1%) 
Primary biliary cirrhosist 36 5 (13.9%) 
Others{ 40 6 (15%) 
Primary sclerosing 
cholangitis 18 3 (16.7%) 
Tumor 8 2* (25%) 
Fulminant hepatitis 5 0 
Alpha-l-antitrypsin 
deficiency 4 1 (25%) 
Hemochromatosis 2 0 
Wilson’s disease 1 0 
Others 2 0 
Total 161 58 (36%) 


* Both patients had associated liver cirrhosis. 
p < 0.001 (x? = 29.08) when the incidence of hypersplenism was 
compared between t and f 


between the preoperative and the current platelet counts 
(p < 0.05). In patients with other diseases, statistical dif- 
ferences from the preoperative platelet counts were ob- 
served on postoperative day 14. Overall, as shown in Fig- 
ure |, the increase in platelet counts after OLTx in patients 
with hypersplenism was statistically significant. The 
platelet counts on postoperative days 7, 14, 21, 30, and 
the current or last platelet counts were significantly higher 
than the preoperative values (p < 0.05, 0.001, 0.001, 
0.001, and 0.001, respectively). The latest platelet 
counts are more than 100,000/mm? in all but five pa- 
tients (91.4%). 

Table 3 lists the changes in the spleen size after OLTx 
with the use of CT in eight patients with hypersplenism. 
All patients showed the reduction in the spleen volume, 
7% to 50%, with a mean of 23.1%, which was a statistically 
significant volume reduction as compared to the preop- 
erative spleen size (p < 0.02). 


TABLE 2. Changes in Piatelet Counts Following Orthotovic Liver Transplantation in Patients with Hypersplenism 


Platelet Counts (/mm?) 


Postoperative Day 


Indications Preoperative T 14 21 30 Current 
PNC-A (n = 9) 69 + 26 73 + 46 234 + 1237 193-22) J 9 192 By 58ł 216 + 156* 
PNC-NA (n = 38) 63 + 17 72 + 38 185 + 101f 176+ 99! 164+ 84! 168+ 72! 
PBC (n = 5) 87+ 7 120 + 65 24) + 247 218 + 137 242 + 153 224 + 117* 
Others (n = 6) 79 + 16 119 + 79 232 + 145* 197-2125 198 + 164 Zit 215 


* p < 0.05, tp < 0.01, tp < 0.005 and "p < 0.0601 when compared 
to preoperative values (paired Student’s t-test); PNC-A, postnecrotic cir- 


rhosis, alcoholic; PNC-NA, postnecrotic cirrhosis, nonalcoholic; PBC, 
primary biliary cirrhosis. 
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Fic. 1. Changes in platelet counts after orthotopic liver transplantation 
for hypersplenism. Platelet counts on postoperative days 7, 14, 21, 30, 
and the recent counts are statistically higher than preoperative values (p 
< 0.05, 0.001, 0.001, 0.001, and 0.001, respectively). POD = postop- 
erative day. 


Discussion 


The effect of portasystemic or selective shunt proce- 
dures on hypersplenism remains controversial. For por- 
tacaval shunts, Sullivan et al. in 1961 and Mitchnick et 
al.' in 1980 showed no consistent effect on hypersplenism, 
whereas Morris et al.? in 1962 and Felix et al.’ in 1974 
showed persistent correction of hypersplenism, as judged 
by the reduction in the spleen size and the correction of 
the hematologic disorders, in 4 of 8 and 5 of 13 patients, 
respectively. For distal splenorenal shunts, Vang et al.’ in 
1976 reported no significant change in the platelet counts, 
whereas Hutson et al.° in 1977 and Ferrara et al.° in 1979 
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reported a relief of hypersplenism in the majority of pa- 
tients, as judged by the improvement of the leukocyte and 
the platelet counts. Also, reports by Puttini et al.’ in 1979 
and by Soper et al.* in 1982, which consisted mainly of 
portasystemic shunts and distal splenorenal shunts, re- 
spectively, showed the improvement of the hematologic 
disorders and, in the latter, decreased spleen size after the 
shunt procedures. | 

Our study demonstrates a dramatic effect of OLTx on 
hypersplenism, as judged by the changes in the platelet 
counts and the spleen size after OLTx. Thrombocytopenia 
immediately after OLTx is a common phenomenon due 
to the platelet sequestration and the destruction in the 
liver allograft,'* but our data show that the platelet counts 
reach a plateau 2 weeks after OLTx and then remain stable 
thereafter. 

The increase in the postoperative platelet counts fol- 
lowing OLTx in this series were statistically more signif- 
icant in patients with postnecrotic cirrhosis, which may 
be due to the limited number of the patients with other 
diseases. However, the incidence of hypersplenism was 
undoubtedly higher among the patients with postnecrotic 
cirrhosis, either alcoholic or nonalcoholic, as compared 
to other diseases. 

The development of hypersplenism in liver cirrhosis 
has been attributed to splenic congestion.*° However, 
other factors such as splenic stimulation from gut-derived 
antigens due to spontaneous portasystemic shunting!*'4 
have been implicated as a cause, which may explain the 
inconsistent effect of shunt procedures on hypersplenism. 
In general, more collaterals are encountered during OLTx 
for postnecrotic cirrhosis, as compared to other diseases, 
such as primary biliary cirrhosis or sclerosing cholangitis. 
By replacing a cirrhotic liver in the énd stage with a non- 
cirrhotic allograft, OLTx not only reduces the portal pres- 
sure but also obliterates the collateral circulation, either 
surgically during OLTx or spontaneously after the reduc- 


TABLE 3. Comparison of Spleen Size Before and After Orthotopic Liver Transplantation in Patients with Hypersplenism 


Spleen Volume (cc?) 


Case Liver Disease Preoperative* Postoperative* % Changes 
l PNC-A 753 685 (80)+ =O 
2 PNC-NA 1670 - 1029 (22)t —38 
3 PNC-NA 699 596 (23) ae. 
4 PNC-NA 595 515 (48)t —~13 
5 PNC-NA 951 470 (34)f 90 
6 PNC-NA 1863 1166 (31) —37 
7 PNC-NA - 888 831 (32)f —7 
8 PBC 1912 1605 (60)t —16 $ 
mean + S.D. 1166 + 552 861 + 387 —23.1 + 16.1 


aaa aaa aaa gt 


* p < 0.02 (paired Student’s t-test); {( )+, number of postoperative 
days; PNC-A, postnecrotic cirrhosis, alcoholic; PNC-NA, postnecrotic 


* 


cirrhosis, nonalcoholic; PBC, primary biliary cirrhosis. 
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tion of the portal pressure. The degree of collateral for- 
mation due to portal hypertension may play a role in the 
development of hypersplenism. 

Although the exact pathogenesis of hypersplenism re- 
mains to be elucidated, this series demonstrated that 
OLTx seems to reverse hypersplenism. 


References 


1. Mutchnik MG, Lerner E, Conn HO. Effect of portacaval anastomosis 
on hypersplenism. Dig Dis Sci 1980;25:929-938. 
. Sullivan BH, Jr, Tumen HJ. The effect of portacaval shunt on 
thrombocytopenia associated with portal hypertension. Ann Int 
Med 1961;55:598-603. 
3. Puttini M, Marni A, Montes F, Belli L. Effect of portasystemic shunt 
on hypersplenism. Clinical study in 129 patients with cirrhosis. 
Am Surg 1979;45:444-448. 
4. Soper NJ, Rikkers LF. Effect of operations for variceal hemorrhage 
on hypersplenism. Am J Surg 1932;144:700-703. 
5. Morris PW, Patton TB, Balint JA, Hirschowitz BI. Portal hyperten- 
sion, congestive splenomegaly, and portacaval shunt. Gastroen- 
terology 1962;42:555-559. 


D 


. Hutson DG, Zeppa R, Levi JU, et al. The effect of the distal sple- 


norenal shunt on hypersplenism. Ann Surg 1977;185:605-612. 


. Felix WR, Jr, Myerson RM, Sigen B, et al. The effect of portaczval 


shunt on hypersplenism. Surg Gynecol Obstet 1974;139:899~ 
904. 


. Vang J, Simert G, Hansson JA, et al. Results of a modified distal 


spleno-renal shunt for portal hypertension. Ann Surg 1977;185: 
224-228. 


. Ferrara J, Ellison C, Martin EW, Cooperman M. Correction of hy- 


persplenism following distal splenorenal shunt. Surgery 1979:86: 
570-573. 


. Starzl TE, Iwatsuki S, Van Thiel DH, et al. Evolution of liver trans- 


plantation. Hepatology 1982;2:614-636. 


. National Institute of Health Consensus Development Conference 


on Liver Transplantation. Hepatology 1984:4(Suppl): 1-1 10. 


. Hutchinson DE, Genton E, Porter KA, et al. Platelet changes fol- 


lowing clinical and experimental hepatic homotransplantation. 
Arch Surg !968;97:27-33. 


. Thomas HC, McSween RN, White RG. Role of the liver in con- 


trolling the immunogenicity of commensal bacteria in the gut. 
Lancet 1973;1:1288-91. 


. Triger DR, Wright R. Hyperglobulinemia in liver disease. Lancet 


1973;1:1494-6, 





Improved Results with Selective Distal Splenorenal 
Shunt in a Highly Selected Patient Population 


A Prospective Study 





K.-J. PAQUET, M.D., F.I.C.S., F.A.C.S., M.A. MERCADO, M.D., P. KOUSSOURIS, M.D., J.-FR. KALK, M.D., 


F. SIEMENS, M.D., and F. CUAN-OROZCO, M.D. 


In a 5-year period 299 patients were admitted to the Heinz-Kalk 
Hospital with bleeding esophageal varices. Patients with acute 
bleeding were treated with endoscopic sclerotherapy. Sessions 
were performed as many times as needed for each individual 
case. One hundred seventy-eight patients in Child-Pugh class C 
were excluded from surgical treatment; the remaining 121 pa- 
tients (Child AB) were selected using the following criteria: liver 
volume (ultrasound) between 1000 to 2500 ml, portal perfusion 
(sequential scintigraphy) more than 30%, no activity or pro- 
gression of liver disease proved by biopsy, no stenosis of the 
hepatic arteries, and suitable anatomy to perform the Warren 
shunt. Only 32 patients fulfilled these criteria. In seven of these 
cases the shunt was technically impossible to perform. Operative 
mortality rate was 8% and the late mortality rate was 12%. No 
history of rebleeding, encephalopathy, and/or shunt thrombosis 
was recorded. Five-year survival rate, according to the method 
of Kaplan-Meier was 75%. We conclude that the Warren shunt 
is the treatment of choice for elective management of bleeding 
esophageal varices. The postoperative results can be improved 
with strict selection using the above criteria. The preoperative 
use of sclerotherapy has a positive influence. Prophylactic man- 
agement to prevent encephalopathy is also recommended. 


cation! on the use of a portocaval shunt (de- 

scribed by Eck? in 1877) to treat portal hyper- 
tension, Warren et al.? described the distal splenorenal 
shunt, introducing the concept of selectivity. Other sur- 
gical approaches have also been discussed with this con- 
cept,*” which is based on the selective venous drainage 
of the esophagogastric area into the systemic circulation. 
The portal vein is thus maintained with hypertension, 
creating two pressure areas: an area of hypertension in 
the right and an area of low pressure in the left abdomen. 
In this way portal perfusion of the liver is maintained, 
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preventing liver atrophy.° The selective distal splenorenal 
shunt (SDSRS) has evolved in the last two decades’ with 
the goal of preventing loss of selectivity in the late post- 
operative period.® The SDSRS has also been studied dur- 
ing the last 20 years by many other groups and has been 
compared -against other types of shunts and thera- 
pies,’”!? clearly showing a low rebleeding and postoper- 
ative encephalopathy rate. Thus, for many groups, the 
SDSRS is the treatment of choice for variceal bleeding in 
portal hypertension,'?-!” although it is well known that 
not all patients are candidates for this kind of operation. 
Unfortunately, as is well documented, the SDSRS cannot 
be done in all patients!® because of anatomical and tech- 
nical considerations. 

In our hospital, we favor the SDSRS as the treatment 
of choice for the long-term management of variceal 
bleeding in portal hypertension, using a special selection 
of patients. Herein we describe the current approach in 
our hospital to manage and select patients for the different 
treatment modalities, thus obtaining a highly selected 
population in which the SDSRS is performed. The results 
with this treatment modality in this population are de- 
scribed, as well as the benefits of combined surgical and 
sclerotherapy treatment, which has been practiced by the 
senior author since 1975. 


Materials and Methods 


The patients referred to our hospital for treatment of 
bleeding esophageal varices after emergency endoscopy” 
are initially managed with insertion of a Linton-Nachlas 
tube if variceal hemorrhage persists. Blood transfusions 
are administered as required. Measures to correct the 
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metabolic imbalance by administration of crystalloids and 
colloids with the goal of maximal nutritional improve- 
ment, improvement of liver function, and reduction of 
ascites are undertaken. Cessation of bleeding is defined 
as no bleeding for 24 consecutive hours, determined by 
gastric aspiration, hematocrit stability, and vital signs. If 
bleeding is not arrested by balloon tamponade, emergency 
endoscopic paravariceal sclerotherapy is the next mode 
of treatment.” Since January 1982 immediate endoscopic 
injection sclerotherapy has been performed prospectively 
in every patient with active bleeding and the Linton- 
Nachlas tube ‘was only inserted if bleeding could not be 
stopped immediately by such sclerotherapy.*! Once the 
acute bleeding is arrested and the general condition of the 
patient improved, according to the Child-Pugh 
classification?” and the criteria listed in Table 1, Child 
A and B patients are considered for surgical treatment. 
Encephalopathy is diagnosed with an extensive neurolog- 
ical investigation (writing, number connection tests, neu- 
rologic-psychiatric examination, electroencephalogram, 
and psychometric tests). Sonographic volume of the 
liver should be between 1000 and 2500 ml and the 
portal perfusion rate is measured by sequential scintig- 
raphy.”>-’ If portal perfusion rate is more than 30%, the 
patient is considered for a Warren shunt. When the rate 
is less than 30%, the patient is considered for a nonselective 
shunt (mesocaval, Linton).”°*°?8 By means of venous 
phase celiac panangiography, the anatomy and patency 
of the portal system 1s demonstrated. Kidney shadow and 
left renal vein are also evaluated, as is the distance between 
splenic and renal vein. Further, arterial phase celiac pan- 
angiography should exclude stenosis of the hepatic artery 
and/or celiac axis as well as “portal pseudoperfusion.”’”” 
Liver biopsy performed at laparoscopy should not show 
activity of the liver disease. When a shunt operation is 
not feasible, particularly in prehepatic block patients, a 
devascularization procedure is performed.*° If bleeding 
recurs in the preoperative and study period, sclerotherapy 
is performed, and if it is not successful an emergent gas- 
troesophageal disconnection (with or without splenec- 
tomy) is performed according to Hassab-Paquet.?°?!?) 
Patients with a good response to sclerotherapy (i.e., no 
recurrent bleeding) are considered for chronic sclerother- 
apy. If hemorrhage recurs after the first or second sclero- 
therapy phase, the patient is once again treated by means 
of endoscopic sclerotherapy and then considered for sur- 
gical treatment. In our experience, like that of the Emory 
group,” sclerotherapy has a rebleeding recurrence rate of 
30%! in spite of regular control and resclerosis. Sclero- 
therapy sessions are performed in the preoperative period 
as many times as needed by each individual patient, ac- 
cording to the findings at endoscopy. This approach gives 
an opportunity to improve liver function and also dimin- 
ishes the risk of bleeding in the pre- and immediate post- 
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TABLE 1. Selection Criteria for Elective Distal Splenorenal Shunt 
in Portal Hypertension 


. Liver volume, sonographically determined as 1000-2500 ml. 

. Portal perfusion > 30% at sequential scintigraphy. 

. No activity or progression of cirrhosis seen at laparoscopy and 
biopsy. 

4. No stenosis of the hepatic arterial circulation, and suitable lumen 

and length of the splenic vein, found at angiographic studies. 


tet RO RO 


d*3** with further liver failure secondary 


operative perio 
to the bleeding. 

From April 1982 to December 1987, 299 patients were 
admitted to our hospital with bleeding esophageal varices. 
In Child-Pugh class C were 178 patients excluded from 
surgery. The remaining 121 patients were selected using 
the criteria given in Table 1. Only 32 patients had portal 
perfusion greater than 30% and were selected for a Warren 
shunt. The remaining patients were treated either by a 
mesocaval shunt or by endoscopic paravariceal sclero- 
therapy. On an average of 4 weeks after the acute bleeding 
(range, 1 to 10 weeks) the patients were considered for an 
elective shunt operation. During this period one or two 
sclerotherapy phases were performed. Each phase had an 
average of two to five sessions; each session was performed 
with a 1-week interval using polidocanol 0.5% to 1% with 
a paravariceal injection technique. The underlying liver 
disease and etiology of portal hypertension are given in 
Table 2. The male to female ratio was 1:0.6 and the mean 
age was 48 years (range, 16 to 65 years). Twelve patients 
were classified as Child-Pugh A and 20 as Child-Pugh B. 

The surgical technique used is as described,’ with some 
modifications. Access is usually obtained by a subcostal 
bilateral incision. Measurement of pressure is done with 
a catheter placed yia the superior mesenteric vein, which 
is usually introduced through a great omental vein. An 
inframesocolic approach is used to open the retroperito- 
neum. We tried to dissect the splenic vein up to the hilus 
of the spleen. 

In seven of the 32 cases the construction of a SDSRS 
shunt was technically impossible. This was mainly due to 


TABLE 2. Etiology of the Portal Venous Block 


Causal Number of 
Primary Disorder Factor Cases 
Intrahepatic 
Cirrhosis Alcoholism 15 
Cirrhosis Hepatitis 3 
Cystic liver fibrosis Congenital 3 
Schistosomiasis Infection | 
Extrahepatic 
Portal vein thrombosis Idiopathic or 2 
congenital 
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TABLE 3. Early and Long-Term Results 
Number 
Early {n = 25) % Long-Term 
Operative mortality 2 8% Liver and renal failure; 
bronchopneumonia 

Late mortality 3 12% Esophageal carcinoma; 
ileal perforation: 
liver failure 

Rebleeding 0 

Encephalopathy 0 

` Shunt thrombosis 0 


the presence of chronic pancreatitis, and these patients 
were treated with a mesocaval interposition shunt. Thus 
- only 25 cases (11 Child A and 14 Child B) were treated 
with a SDSRS. In the immediate postoperative period 
support of liver function is undertaken (low-protein diet, 
lactulose, infusion of fresh frozen plasma, and so on). In 
order to prevent shunt thrombosis, all patients are anti- 
coagulated in the peri- and postoperative period with 
heparin (100 to 200 U/kg). Heparin is continued until 
the patient is discharged from the hospital, usually after 
10 to 14 days. In the second postoperative week, heparin 
is given subcutaneously in a dose of 7500 to 12,500 U 
twice daily (according to individual requirements). 


Results 


Operative Mortality and Postoperative Complications 
(Table 3) 


There were two postoperative deaths (8%). The causes 
were liver and renal failure in one case, and broncho- 
pneumonia in the other. At postmortem study the shunts 
were patent. Both patients were in a Child-Pugh B func- 
tional classification. - 


Encephalopathy 


Using the mentioned criteria, no encephalopathy could 
be demonstrated among the 23 remaining patients, in 
contrast to 12.2% found in the group with mesocaval in- 
terposition shunt.*° It should be emphasized that all pa- 
tients were on a strict low-protein diet in the postoperative 
period and were treated with lactulose. 


Rebleeding 


With the combined approach of preoperative sclero- 
therapy and SDSRS, no case of recurrent variceal hem- 
orrhage was observed. If no diminution of esophageal 
varices was observed in thé immediate postoperative pe- 
riod in the presence of a patent shunt, sclerotherapy was 
also considered. 
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Shunt Patency and Hemodynamics 


Selective splenic angiography 14 days and 6 months 
after operation showed patency of all shunts and excluded 
postoperative portal vein thrombosis, which also has been 
shown to increase the encephalopathy rate in the post- 
operative period in patients with SDSRS.*° Portal per- 
fusion scintigraphy could not be done in all patients after 


operation, but in those evaluated, portal perfusion re- | 


mained between 10% to 20%. In only one patient, 33 
months after operation, a surprising 0.8% of portal per- 
fusion was demonstrated. This patient has no evidence 
of encephalopathy until this date, and is fully rehabilitated. 
His last ultrasound showed a diminished diameter of a 
patent portal vein. In some cases, the use of doppler so- 
nography was helpful in demonstrating shunt patency. It 
is possible with the probe directed over the shunt to dem- 
onstrate a good flow. Indirect evidence about the shunt 
patency was also obtained in other cases, i.e., demonstrat- 
ing flow in the splenic vein. Seven cases developed ascites 
in the immediate postoperative period. All cases had a 
good response to diuretic treatment (spironolactone and 
furosemide) and dietary water and salt restriction. 


Survival and Late M ortality 


Three further deaths were also recorded up to December 
1987, one because of liver failure and the other because 
of complications related to an esophageal carcinoma 21 
months after operation. The third patient, a 14-year-old 
patient with portal hypertension secondary to prehepatic 
block, died because of complications related to generalized 
peritonitis following a small bowel perforation 13 months 
after operation. Postmortem study showed a patent shunt. 
He also developed an idiopathic pulmonary hypertension 
with a high grade of intrapulmonary arteriovenous shunts 
and therefore had a short life expectancy. This condition 
has been rarely observed in patients with portal hyper- 
tension.*” ? | 

The 1-year survival rate according to the nonparametric 
method of Kaplan-Meier’? is 88%, and the 5-year survival 
rate is 75%. The survival curve is shown in Figure I. 


Discussion 


The concept of selectivity is the basis of the Warren 
shunt. The venous drainage of the esophagogastric area 
through the short gastric vessels and left gastroepiploical 
vein in the spleen diverts the blood through a termino- 
lateral anastomosis between the splenic vein and left renal 
vein. Interruption of the left and nght gastroepiploic vein 
transform the mentioned area into a low-pressure area, 
while the high-pressure portal vein maintains portal per- 
fusion to the liver. Warren et al.” and also Inokuchi et 
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al. have improved the selectivity of the shunt performing 
a splenopancreatic disconnection. It has been shown that, 
particularly in alcoholics, the shunt has a tendency to lose 
selectivity by means of intragastric, intrapancreatic 
(“pancreatic siphon”), and also colonic collaterals.*? This 
“portal blood escape” diminishes portal perfusion to the 
liver, inducing a slow but progressive failure in a previ- 
ously damaged liver. The splenopancreatic disconnection 
is a demanding procedure, and long-term results have not 
been reported, mainly due to the fact that this modifica- 
tion has been recently published. Despite the loss of se- 
lectivity of the classic shunt, it has become the treatment 
of choice in many centers around the world and at this 
date is the standard procedure with which other thera- 
peutic approaches are compared.?""' | 

Not all patients are candidates for the SDSRS. Only 
some of the requisites for this procedure include a patent 
splenoportal system and-a certain distance between the 
splenic and renal vein. Also, the renal vein has to have 
normotension and not be retroaortic to the inferior vena 
cava. A history of pancreatitis, preoperative treatment- 
refractory ascites, and hepatofugal portal flow are also 
relative contraindications to the performance of the shunt. 
Although we carefully performed clinical history as well 
as sonographic evaluation of the pancreas, we found at 
operation that in seven patients the shunt was impossible 
to perform. It is important to make the decision to perform 
another kind of operation early in the procedure to obtain 
good results in the treatment of these patients. A large 
amount of blood loss in an attempt to liberate the splenic 
vein may negatively influence liver function in the peri- 
and postoperative period. Using the selection criteria 
mentioned, with which in our concept the ideal candidates 
are selected, only 10.5% (32 from 299) of the patients 
were candidates for a Warren shunt. This figure decreases 
to 8.4% (25 from 299) if the seven cases in which it was 
not technically possible to perform the shunt are excluded. 
However, it must be mentioned that patients who refused 
shunt operation are included and they amount to more 
than 10%. To our knowledge there is no information in 
the literature that defines the percentage of cases that are 
selected for a Warren shunt from the total group of pa- 
tients with esophageal variceal bleeding who are referred 
to a specific center for treatment. It is possible that this 
figure is higher in other centers. Our low figure is explained 
by the fact that the selection criteria diminishes the num- 
ber of candidates for this kind of operation, but reflects 
positively on the improved postoperative results. The ab- 
sence of encephalopathy with good liver function in the 
postoperative period is the result of this patient selection. 
It must also be stressed that all the patients are managed 
in the.postoperative period with a low-protein diet (60 gr 
protein/day) and lactulose (20 ml three times daily). 
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Fic. 1. Survival curve according to Kaplan-Meier. 


Surgery of portal hypertension is a palliative approach. 
These patients, in a great proportion, have a liver disease 
that progresses and ends in liver failure. So, a decline in 
the survival curve is to be expected in a long-term analysis. 
The results of the survival curve in our group of patients, 
with a high survival rate at 5 years of evaluation (82% at 
1500 days), is expected to decline in the next years due 
to the underlying disease. This high survival rate is influ- 
enced by the selection criteria and the pre- and postop- 
erative management. The combination of sclerotherapy 
and surgery contribute to improve the survival rate. This 
situation has also been observed by the Emory group.** 
The control of the acute bleeding episode by means of 
sclerotherapy and the subsequent sclerotherapy sessions, 
which allow little short-term rebleeding, effectively prevent 
a deterioritation of liver function. This approach allows 
the patients to be in optimal condition for an elective 
shunt. With this same selection criteria, management and 
performance of a mesocaval shunt in patients with portal 
perfusion between 10% and 30%, we also had comparable 
results in survival (5-year survival rate, 70%), postoper- 
ative encephalopathy (12.2%), low rebleeding rate (5.5%), 
and an acceptable shunt patency rate (90% with a synthetic 
prothesis) in 100 patients, showing that this kind of shunt 
is a good alternative choice for those patients in which a 
Warren shunt is technically impossible or contraindi- 
cated. 

The importance of preoperative evaluation of the he- 
patic arterial supply is well illustrated by one of our cases. 
Although there was an extreme diminution in the portal 
perfusion rate to the liver (0.8%) in the late postoperative 
period (certainly due to loss of selectivity by the “pan- 


' creatic siphon”), the patient has a remarkably good liver 


function. Sonographic and angiographic evaluation of the 
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portal vein showed a considerable reduction of its diameter 
(14 to 7 mm), but patency. The postshunt compensatory 
arterial liver supply probably is responsible for the pre- 
vention of the slow but progressive liver atrophy secondary 
to the loss of portal perfusion. 

Liver perfusion scintigraphy is an effective method to 
measure the portal blood flow.*! The method used to es- 
timate portal venous flow is that from Biersack et al.” 


and Sarper et al. Compared to visceral angiography 


(which was performed in all patients before and after op- 


eration as stated above), it has a good correlation. An- 
giography (in relation to portal perfusion) gives only in- 
formation if the liver has a hepatopetal flow, but it cannot 
state the percentage of the portal blood flow. Computer- 
ized liver perfusion scintigraphy permits this measurement 
with high confidence.*!*? The selection criteria of more 
than 30% of portal flow may be, perhaps, very restrictive. 
Patients with a low portal flow in which a diminution of 
portal blood flow in the postoperative period is expected 
(pancreatic siphon, spontaneously portosystemic shunts 
as a result of liver disease progression in the postoperative 
period) may increase postoperative liver failure and en- 
cephalopathy. Selective shunts are more difficult to per- 
form than subtotal shunts. We know from comparative 
studies that in patients who have a low portal blood flow 
the opportunity to lose selectivity in the postoperative 
period is higher, and in this subset of patients the long- 
term results are not different from those obtained with 
subtotal shunts. That is why we perform in these patients 
an operation that is easier, can be performed in a shorter 
time, and is generally associated with a lower blood loss.*° 
Thus selective shunts should be done in patients in whom 
a high portal blood flow is demonstrated, maintaining 
hypertension in the portal vein, portal liver perfusion that 
results in a good liver function, and a low rate of enceph- 


alopathy in the postoperative period. Nevertheless, we — 


don’t think that low portal liver blood flow has to be used 
as an exclusion criteria to perform a Warren shunt, but 
we are convinced that a high portal blood flow has a pos- 
itive influence on long-term results. | 

The Warren shunt is the first treatment of choice for 
the long-term management of hemorrhagic portal hyper- 
tension, and the results of the operation can be improved 
with a strict selection of patients, although this selection 
diminishes the number of candidates for the procedure. 
The management with preoperative sclerotherapy has a 
positive influence on these results. 
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A 14-year-old girl presented at the hospital after discovering an 
abdominal tumor. CT scan and ultrasonography indicated a he- 


patic tumor and also revealed the absence of the portal vein. The _ 


patient was admitted to excise the hepatic tumor. It was found 
that the venous blood from the small intestines flowed into the 
left renal vein and then emptied directly into the inferior vena 
cava. A tumor extending from the right lobe through the middle 
portion of the liver was excised. The postoperative course was. 
satisfactory and marked regeneration of the residual hepatic tis- 
sue was observed. Also the blood level of ammonia in the superior 
mesenteric vein was low, approximately 120n¢/dl, compared to 
the normal value of 350 g/dl in the portal vein. This low blood 
level may indicate the presence of some homeostatic control 
mechanism. 


ONGENITAL ABSENCE OF THE PORTAL VEIN is an 

extremely rare abnormality that has only been 

reported two or three times inthe literature.'? 
The cases mentioned in these reports were discovered ac- 
cidentally in the course of examinations for metabolic 
disturbances or tumors of the pancreaticocholecystohe- 
patic system. The present case report concerns a patient 
who presented at the hospital with a massive hepatic tu- 
mor. Preoperative examination revealed the absence of 
the portal vein. In view of this preoperative finding, the 
blood levels of ammonia at all the sites where blood sam- 
ples were obtained during angiographic examinations were 
entirely within normal limits, and no abnormalities were 
detected in this respect. In particular, even the blood level 
of ammonia in the superior mesenteric vein was about 
120 yg/dl, which is within the normal range. In general, 
reports of portal vein absence are rare, and there appear 
to be no previous reports concerning measurement of ve- 
nous ammonia levels in such cases. The fact that the blood 
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level of ammonia in the superior mesenteric vein was 
close to the upper limit of the normal range indicates that 
some homeostatic mechanism controls the intestinal bac- 
terial flora. 


Case Report E 


The patient was a 14-year-old girl who had undergone herniorrhaphy 
as radical surgery for an inguinal hernia at the age of 3 years. At age 6 
years she underwent surgical closure of an atrial septal defect. 

The patient’s postoperative course was satisfactory until the age of 14 
years when she began to experience a persistent dull pain in the right 
hypochondrium. The patient palpated a tumor in the epigastric region, 


_ and subsequently developed subjective symptoms of fatiguability. 


The patient was then examined by a general practitioner who noted 
the presence of an abdominal mass as well as mildly abnormal liver 
chemistry. The serum levels of SGOT and SGPT were each 112 U/L 
and 142 U/L. Other liver chemistries were in the normal range (normal 


range, 30 to 45 U/L). 


In May 1987 the patient was admitted to this hospital to investigate 
the abdominal tumor. Physical examination disclosed a large indurated 
tumor in the right hypochondriac region: A CT scan performed after 
admission indicated a large mixed attenuated mass extending from the 
right lobe to the middle region of the liver (Fig. 1). Ultrasonographic 
examination performed at about the same time revealed the absence of 
the portal vein (Fig. 2). Selective arteriovenography also showed a large 
tumor in the right lobe and middle lobe of the liver (Fig. 3). Superior 
mesenteric portography revealed that the superior mesenteric vein emp- 
tied into the left renal vein. Similarly, the splenic vein also flowed into 
the left renal vein, and the left renal vein joined with the inferior vena 
cava (Figs. 4 to 6), and thus no flow from the intestinal circulation into 
the liver was observed. The hepatic emptying veins were present in normal 
positions, emptying into the inferior vena cava. Hepatochemical findings 
included GOT 280 U/L, GPT 132 U/L (normal range, 30 to 45 U/L), 
and total bilirubin 1.4 mg/dl, indicating mildly abnormal liver chemjstry. 

When selective venography was performed, blood samples were taken 
from the superior mesenteric vein, inferior vena cava, hepatic vein, and 
superior vena cava, and the ammonia contents of these samples were 
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FIG. 1. Findings of CT scanning. The right hepatic lobe as a whole dis- 
played a heterogeneous pattern. A tumor was discovered. Enlargement 
of lymph nodes and ascites, and so on were not observed. 


measured (Fig. 8, Table 1). The serum level of ammonia in the superior 


mesenteric vein was 129 g/dl, which is slightly high, but the ammonia 
levels of samples from other sites were within the normal range. 

Blood glucagon, insulin, and Blood Urea Nitrogen (BUN) were also 
within normal limits. 

The blood level of total bile acids was 30 uM, which is evidently high 
as compared to the normal range of | to 1.5 uM. 

Bacteriological examinations were performed with respect to fecal 
specimens obtained before, during, and after surgery. The fecal specimen 
obtained during surgery was taken from the distal end of the jejunum. 
The tumor was resected surgically and found to be a massive neoplasm 
extending from the right lobe to the middle portion of the liver. Only a 
lateral segment of the liver remained after the resection. During operation, 
the portal vein was not found in the hepatoduodenal ligament; moreover, 
a vestige of the portal vein was detected. The only blood supply to the 
liver was provided by the hepatic artery. The superior mesenteric and 
splenic veins flowed into the left renal vein, which in turn emptied nor- 





FIG. 2. Findings of ultrasonographic examination. A massive tumor was 
observed on the epigastrium. Also, no portal vein was seen in the echo- 
gram. 
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FIG. 3. Preoperative angiographical findings. A massive tumor occupies 
almost the entire right lobe of the liver. 


mally into the inferior vena cava. On the first postoperative day, he- 
matochemical examinations revealed no abnormality. 

The postoperative course was satisfactory and the patient was dis- 
charged from hospital 24 days after operation. During the fourth month 
after surgery, angiography revealed pronounced hypertrophic regeneration 
in the left lobe of the liver (Fig. 7). 


Discussion 


The development of the portal vein normally starts 
from the venous plexus of the vitelline sac and is com- 





FIG. 4. Venography of the superior mesenteric vein. The superior mes- 
enteric portography revealed that the superior mesenteric vein emptied 
into the left renal vein. 
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FIG. 5. Venography of the splenic vein. The splenic vein also flowed into 
the left renal vein. 


pleted between the fourth and tenth week of the embryonic 
period.** Known abnormalities of the portal venous sys- 
tem include duplication and in some case, defects in the 
portal vein. Defects of the portal vein system include a 
condition in which the portal vein is completely absent 
but intrahepatic portal venules are still present, as well as 
a state of complete absence of portal vasculature even 
within the liver.’ In the present case, no trace of the portal 
system could be found. The histopathologic categorization 
of the excised tumor was hepatocellular adenoma. The 
adenomatous portion presented the form of a group of 





FIG. 6. Venography of the inferior vena cava. The left renal vein joined 
the inferior vena cava. 
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FIG. 7. Postoperative angiography of the left hepatic artery; angiographic 
findings 4 months after resection of right hepatic lobe displays marked 
proliferation. 


fibrous tissue. These lesions were composed almost en- 
tirely of hepatocytes without portal tracts. 

The hepatic tissue other than the tumor was composed 
of hepatic arteries and bile ducts, and no portal vein 
branches whatsoever were detected. Thus, the present case 
appeared to be one of complete portal vein agenesis. 

Congenital defects of the portal vein can result in 
congestive heart failure due to shunting of blood flow from 
the superior mesenteric vein to the inferior vena cava. In 
reviews of the literature concerning congenital absence of 
the portal vein, concomitant atrial and ventricular septal 
defects have also been reported. This may be attributed 
to a congenital adaptive change, occurring during the 
process of development from the embryonic stage, which 
tends to compensate for the congestive effects of portal 
venous aplasia. 

Normally the enterohepatic circulation affects, via the 
portal vein, the return to the liver of conjugated bile acids 
that have been reabsorbed in the distal ileum. In the pa- 
tient in our case study, the concentration of bile acids in 
the peripheral blood was 30 uM, which is far above nor- 
mal. This was, presumably, due to the absence of the portal 
vein, resulting in the influx into the inferior vena cava of 
conjugated bile acids that normally would be returned to 
the liver via the porta hepatis, so bile acid levels measured 
in peripheral blood would include these conjugated bile 
acids as well as the free bile acids of the systemic circu- 


TABLE 1. Ammonia Levels in Venous Blood from Various Locations 


Location of the vein l 2 3 4 5 


Ammonia (ug/dl) 43 129 82 7A 55 


an 
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FiG. 8. Venous blood samples were taken at all the sites shown in Figures 
4,5, and 6 when venography was performed. The respective serum levels 
of ammonia at these sites are shown in Table 1. In particular, the am- 
monia concentration in the superior mesenteric vein (2) was 129 g/dl, 
which is just slightly higher than normal. 


lation.® This patient also displayed pronounced obesity, 
with a body weight of 78 kg and a height of 147 cm. 
Normally medrum-chain fatty acids originating in nu- 
trients are conveyed to the liver by the portal vein and 
metabolized, but when the portal vein is absent, these 
fatty acids, after absorption by the intestinal tract, assume 
the form of chylomicrons that are transported into the 
vena cava. Before arriving at the liver, the blood from the 
vena cava reaches the capillaries of the peripheral tissues, 
including adipose and muscular tissue, where fat is ac- 
cumulated, and this presumably constitutes the cause of 
obesity in such cases. 

The next problem to be considered is that of the en- 
terohepatic circulation. In the patient in our case study, 
the’superior mesenteric vein bypasses the liver, empties 
directly into the inferior vena cava, and thereby conveys 
blood to the systemic circulation. This may give rise to 
hepatic encephalopathy. In fact, hepatic encephalopathy 
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has occasionally been reported as a sequea of anastomosis 
between the portal and the inferior vena cava performed 
for the treatment of portal hypertension. 

The blood levels of ammonia in the superior mesenteric 
vein of normal individuals range from 350 to 400 ug/di, 
and the influx of such high concentrations of ammonia 
into the systemic circulation would be expected to induce 
disturbances of consciousness. However, the ammonia 
concentration in the superior mesenteric venous blood of 
the ammonia levels in blood sampled at other sites were 
entirely within the normal range. Since the patient had 
what might be called a congenital Eck fistula,’ these nor- 
mal ammonia levels indicate that some sort of homeo- 
static control was operating. 

Accordingly, the patient’s intestinal bacterial flora, 
which are ordinarily considered to be the source of the 
ammonia in the superior mesenteric venous blood, were 
subjected to laboratory investigation, and distinct differ- 
ences from the intestinal flora of normal individuals with 
respect to both varieties and numbers were discovered. 
Among the varieties of bacteria displaying urease activity,” 
only three species were detected: Klebsiella pneumonia, 
Enterococcus avium, and Peptostreptococcus producius. . 
Moreover, the numbers of these bacteria were extremely 
small. No significant differences were observed among the 
flora in fecal specimens obtained before, during, and after 
surgery. The results were interpreted as indicating the op- 
eration of some mechanism for ecological homeostasis of 
the intestinal flora. 

Phenomena relating to the urease activity and bile acid 
metabolism of the intestinal bacterial flora in this patient 
are currently under further investigation. 
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Melanoma-Specific Cytotoxic T Cells Generated 
from Peripheral Blood Lymphocytes 


Implications of a Renewable Source of Precursors for Adoptive 
Cellular Immunotherapy 





CRAIG L. SLINGLUFF, JR., M.D., TIMOTHY L. DARROW, PH.D., and HILLIARD F. SEIGLER, M.D. 


Cytotoxic T lymphocytes (CTL) specific for autologous human 
melanoma have been generated in yitro from peripheral blood 
lymphocytes (PBL) of five patients with resectable stage IJ ma- 
lignant melanoma. The PBL were cultured with 5u/ml recom- 
binant IL-2 and were repeatedly stimulated with irradiated fresh 
or cultured autologous tumor cells. Cytotoxicity was determined 
by four-hour chromium release assays. Specific cytotoxicity de- 
veloped in 30 to 40 days, after three or four stimulations with 
tumor. The PBL-derived CTL are CD3+ and are mixed for 
CD4+ and CD8+ phenotypes. They lysed autologous melanoma 
and failed to lyse allogeneic melanoma, K562, or autologous 
lymphocytes. The lysis of autologous tumor was maintained for 
more than 4 months. The cells proliferated in response to au- 
tologous, but not allogeneic melanoma cells, in a dose-dependent 
manner. Lysis of the autologous tumor target was inhibited with 
w6/32, a monoclonal antibody to HLA Class I antigens. It is 
concluded that PBL may serve as a plentiful and renewable source 
of precursor cells for the generation of autologous tumor-specific 
CTL, which may be useful in specific adoptive cellular immu- 
notherapy of melanoma. 


multiple treatment modalities, including surgery, 

chemotherapy, and/or radiation therapy. For 
many solid tumors, however, these treatments are not 
curative. As a result, additional therapeutic alternatives 
continue to be explored. A treatment arm under active 
scrutiny is immunotherapy. 

Immunotherapeutic approaches to cancer have been 
attempted for several decades. The recent availability of 
recombinant IL-2 has simplified the culture of human 
lymphocytes in vitro, making it feasible to generate large 
numbers of lymphocyte effector cells. As a result, several 
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novel immunotherapeutic protocols are currently under 
clinical investigation. 

Human lymphocytes activated with IL-2, known as 
lymphokine activated killer (LAK) cells, have demon- 
strated antitumor effects in vitro and in vivo, but the 
mechanism of target recognition remains to be elucidated. 
LAK cells preferentially lyse malignant cells, but they act 
in a non-MHC restricted manner.* Early clinical trials 
with LAK cells were met with enthusiastic reviews and 
reports, but morbidity rates have been significant.” Fur- 
thermore, the response rates (20% to 35% in most series) 
are primarily partial responses.” l 

While LAK cell therapy has not proved to be the pan- 
acea it was initially hailed to be, the inherent specificity 
of the immune system remains the theoretical ideal for 
treatment of malignant disease. A highly specific nontoxic 
treatment is needed, especially in the management of oc- 
cult metastases. If it can be harnessed, immunotherapy 
would be ideal for this clinical problem. 

In human and animal systems, tumor-specific cytotoxic 
T cells (CTL) can be generated from lymphocytes of a 
tumor-bearing host or from syngeneic lymphocytes.>! 
These CTL differ in many ways from LAK cells. The 
differences have been highlighted in previous work,” and 
include the time course to development of greatest lytic 
activity, the cell surface phenotype, and, most importantly, 
the specificity for autologous tumor cells. LAK cells are 
probably activated NK cells,” and NK cells tradition- 
ally kill in an antigen-independent manner. Tumor-spe- 
cific CTL share the phenotypic and functional character- 
istics of classic CTL directed against alloantigens.’? They 
lyse target cells with characteristic specificity. i 

CTL are believed to be responsible for cell-mediated 
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rejection of organ transplants.” It would be expected, 
therefore, that CTL, which have demonstrated efficacy in 
destruction of transplanted organs, can also destroy large 
volumes of neoplastic tissue. . 

There is evidence that tumor-specific immune effector 
cells may be 50 to 100 times more potent than nonspecific 
lymphokine-activated killer (LAK) cells in the treatment 
of solid tumors in vivo. Many studies have demonstrated 
that CTL specific for autologous tumor can be generated 
from the lymphocytes of patients with malignant disease. 

The precursor cells from which CTL may be generated 
include splenocytes,” thoracic duct lymphocytes,” lymph 
nodes,'*-'? and lymphocyte-infiltrated metastatic tumor 
deposits, '!:!376-28 These have been studied to varying de- 
grees in human and animal models, and all may be useful 
experimentally. What is useful in the laboratory, however, 
is not always feasible in a clinical setting. All of the sources 
for precursor cells listed above have significant limitations 
in terms of clinical applicability: access to the spleen, 
lymph nodes, or thoracic duct lymphocytes requires in- 
vasive procedures. Tumor-involved nodes and lympho- 
cyte-infiltrated metastatic deposits are not available in all 
patients, especially those with stage I disease. 

The eventual clinical application of specific CTL in 
adoptive immunotherapy depends on an abundant source 
of accessible precursor cells as well as on a methodology 
for their generation that is reliable and feasible. If cellular 
therapy is to be studied in the future in any practical sense, 
it is important to determine if PBL can be reliably stim- 
ulated and expanded in vitro as tumor-specific CTL. When 
it is demonstrated that PBL can serve as precursors for 
tumor-specific CTL, and that the methodology required 
can be applied clinically, it will be possible to initiate large- 
scale phase I trials of adoptive cellular immunotherapy 
with tumor-specific CTL. 

In the present study, CTL were generated from PBL of 
five patients with stage II melanoma. These CTL were 
cytotoxic for autologous melanoma. These PBL-derived 
CTL are described with regard to (1) the time course for 
the development of specificity, (2) the culture conditions 
required for generation of specific CTL, (3) cell surface 
phenotype, (4) cytotoxic specificity, and (5) the prolifer- 
ative response to tumor in vitro. The data are discussed 
with regard to the potential use of PBL in the generation 
of CTL for specific adoptive cellular immunotherapy for 
malignant disease in humans. 


Materials and Methods 
Patients 


All patients included in this study had stage II mela- 
noma manifested by malignant involvement of draining 
lymph nodes, which were surgically excised. The surgical 
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specimens were provided to the laboratory, and each was 
assigned a designation number, preceded by the letters 
DM, e.g., DM6 or DM100. 


Preparation of Tumor Cells 


Fresh melanomas were obtained from tumor-involved 
lymph nodes. The specimens were mechanically teased 
into single-cell suspension in sterile saline. When the cell 
suspensions were predominantly viable tumor, a portion 
was frozen in heat-inactivated fetal bovine serum (FBS, 
Hyclone Laboratories, Logan, UT) with 10% DMSO for 
later use in T-cell stimulation and in cytotoxicity assays. 
A portion of the cell suspension was injected into Balb/c 
nude mice for passage. Another portion of the cell harvest 
was placed in culture in 75 cm? flasks (Costar, Cambridge, 
MA) with Eagle’s Minimal Essential Medium (MEM, 
Grand Island Biological Co., Grand Island, NY) supple- 
mented with 10% FBS, penicillin 100 units/ml, strepto- 
mycin 100 ug/ml, Amphotericin B 0.25 ug/ml, gentamicin 


-50 ug/ml, L-glutamine 450 ug/ml, and sodium bicarbon- 


ate 2.5 mg/ml. Cell lines were maintained in monolayer 
cultures and passaged by trypsinization with 0.25% trypsin 
plus EDTA. Medium was replaced as needed every 3 to 
7 days. Early passages were frozen. 

Other tumors, used as targets in cytotoxicity assays, 
included DuOs1, a human osteosarcoma line established 
from a surgical specimen; K562, a nonadherent human 
myeloid leukemia line and natural killer (NK) target; and 
Capan, a human pancreatic cancer line. 


Isolation of Lymphocytes 


Peripheral blood was collected in heparin from each 
patient, diluted with Hank’s Balanced Salt Solution 
(HBSS, Gibco, Grand Island, NY), underlaid with lym- 
phocyte separation medium (LSM, Litton Bionetics, Inc., 
Kensington, MD) and centrifuged at 1450 rpm for 40 
minutes. The lymphocyte-rich layer at the interface was 
washed thoroughly with HBSS, and the cells were counted. 
A portion was frozen in FBS plus 10% DMSO for 
later use. 


Lymphocyte Stimulation and Culture 


Lymphocytes were cultured at an initial density of 1 
to 2 X 10° cells/cm? of dependent culture surface. Most 
cultures were initiated in 24 well plates, with 2 to 4 X 10° 
PBL/well (dependent surface 2 cm?/well). In several cases, 
larger cell numbers were used: 30 to 40 X 10° cells were 
placed in a 75cm? flask, with the flask oriented upright 
(dependent surface 25cm?) to provide a cell density of 1 
to 2 X 10° cells/cm”. 

Three culture conditions were compared: one popu- 
lation of cells was cultured with tumor at a tumor-to- 
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lymphocyte ratio (TLR) of 1:20 or 1:30; a second popu- 
lation of cells was cultured with tumor at a TLR of 1:100 
or 1:150; a third population of cells served as a control 
and was not exposed to tumor in vitro. 

The stimulating tumor cells disappeared from the flask 
after several days. Every ten to 15 days, irradiated (10,000 
rads) autologous tumor cells were added for restimulation 
at the same lymphocyte-to-tumor ratio that was used ini- 
tially. In several cases, fresh tumor was available and was 


used for lymphocyte stimulation. In other cases, cultured | 


tumor was-employed. 

The culture medium was RPMI 1640 medium (RPMI, 
Gibco, Grand Island, NY) supplemented with 10% FBS, 
penicillin 100 units/ml, streptomycin 100 ug/ml, Am- 
photericin B 0.25 ug/ml, and gentamicin 50ug/ml. Re- 
combinant DuPont interleukin-2 (IL2, DuPont, Glenol- 
den, PA) was added to all cultures at a concentration of 
5 units/ml. An IL-2 assay with the CTLL cell line showed 
half-maximal proliferation at 0.5 DuPont units (data not 
shown). The cultures were fed with medium and IL-2 
every three to five days as needed. Cell density was main- 
tained at approximately 1 to 2 X 10° cells/cm’. 


Cytotoxicity ASSAYS 


Cell-mediated killing was determined in vitro using a 
standard chromium-51 release assay. ‘Target cells were 
prepared without use of any proteolytic agents or enzymes. 
Adherent cell lines were scraped from their flasks with 
rubber policemen. The only exception was Capan, a pan- 
creatic cell line that was almost uniformly destroyed by 
scraping and required trypsinization (0.25% trypsin with 
EDTA) from the monolayer. Subsequent experiments 
have failed to demonstrate any change in target cell sus- 
ceptibility after trypsinization; however, mechanical dis- 
sociation of target cells was considered the best means to 
preserve the antigenic structure of target cell membranes. 

Approximately 1 X 10° to 5 X 10° target cells were 
suspended in culture medium and were labeled with 150 
wCi Cr-51 for 45 minutes at 37 C then washed three times 
in HBSS. They were resuspended at 2 X 10° cells/ml and 
combined in triplicate wells of 96-well flat bottomed mi- 
crotiter plates (Linbro, supplied by Flow Laboratories, 
McLean, VA) with varying numbers of effector cells such 
that effector-target ratios of 40:1, 20:1, 10:1, and further 
twofold dilutions were prepared. The final volume of each 
well was adjusted to 250 ul with RPMI with 10% FBS 
and antibiotics, without IL-2. Wells containing (1) only 
culture medium and target cells or (2) 1M HC1 and target 
cells served as background Cr-51 release controls and total 
release controls, respectively. The plates were centrifuged 
at 200 X g for 5 minutes and were incubated at 37 degrees 
in 5% CO2 for 4 hours. The plates were again centrifuged, 
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and 0.15 ml of medium from each well was removed for 
counting in a gamma spectrometer. The cytotoxic index 


~ was calculated as follows: 


_ CPMexperimental — CPMmedium 


x O 1 
CPMHCI — CPMmedium Mae: AD) 


CI 


Inhibition of Cell-Mediated Lysis Using Monoclonal An- 
tibodies 


Autologous tumor lysis by CTL was inhibited in a four- 
hour chromium release assay by preincubating labelled 
targets (50 u1) with dilutions of Protein A affinity-purified 
w6/32 (100 ul), a monoclonal antibody against a mono- 
morphic determinant on HLA Class I antigens,”’ for 30 
to 45 minutes at 37 C, before adding effector cells (100 
pl). Per cent of inhibition was calculated. 


Stimulation Assays 


T-cell proliferation in response to tumor stimulation 
was studied in the presence of IL-2 (Su/ml). T cells were 
plated 10° cells in 100 ul medium/well) in 96-well micro- 
titer plates, and irradiated (10,000 rads) stimulator cells 
were added such that the ratio of stimulator cells to T 
cells was 1:20 or 1:5. The volume was adjusted to 250 yl 
per well with RPMI with or without IL-2 as noted above. 
The plates were incubated at 37 C in 5% CO2 atmosphere 
for three days, at which time each well was pulsed with 1 
uCi 3H-thymidine in a 20u] volume and reincubated for 
four hours. At that time the wells were harvested onto 
glass fiber strips using a Bellco Microharvester (Bellco 
Glass Co., Vineland, NJ). In all assays, controi wells con- 
tained T cells with media and no stimulator cells. In one 
assay (with DM105 tumor cells), additional control wells 
with stimulator cells alone were also used. 


Immunofluorescence Phenotyping of OKT Antigens 


‘Cytotoxic lymphocyte populations have been charac- 
terized by the following monoclonal antibodies: OKT3, 
OKT4, OKT8 (Ortho Pharmaceuticals, Ravitan, NJ), and 
Leu 7, Leu 11, and Leu 15 (Becton-Dickinson, Mountain 
View, CA). Secondary antibody staining was with the flu- 
orescein-conjugated Fab’-2 portion of goat antimouse IgM 
and IgG antibody (TAGO, Burlingame, CA). The:stained 


~ cells were counted on a fluorescence-activated cell sorter. 


Results 
Cytotoxic Response ©’ 


Five PBL-derived cell lines became specifically cyto- 
toxic for autologous melanoma. In all five cases (DM6, 
DM100, DM128, DM135, and DM137), lysis of autol- 
ogous melanoma exceeded lysis of all allogeneic mela- 


’ 


Vol. 210 + No. 2 


MELANOMA-SPECIFIC CYTOTOXIC T CELLS 


197 


TABLE 1. Autologous-Specific T Cells Generated from MLTC with Peripheral Blood Lymphocytes 


Patient 
T Cells Day E:T AutoMel* 
DM6 63 10:1 62 
5:1 46 
DM100 37 40:1 35 
20:1 19 
10:1 13 
DM 128 36 10:1 35 
5:1 21 
DM 135 39 41): 1 26 
29:1 18 
DM137 i 38 49:1 30 
29:1 37 


— indicates not done; 

*The autologous melanoma (AutoMel) cells used as stimulators and 
as targets in three cases (DM6, Dm100, DM128) were cultured and in 
two cases (DM135, DM137) were cryopreserved fresh. 

t The allogeneic melanoma (AlloMeli) targets for DM6 and DM100 


nomas tested. In three cases (DM6, DM 128, and DM1 35), 
lysis of autologous melanoma also exceeded lysis of the 
natural killer target, K562. Representative cytotoxic index 
values for all specific cell lines are listed in Table 1. 

Although it was not unusual for there to be some lysis 
of malignant targets other than the autologous tumor, 
this activity decreased progressively over time, while lysis 
of the autologous tumor persisted. In one case (DM6), 
the CTL population became very pure, with almost no 
measurable lysis of allogeneic melanomas, nonmelano- 
mas, or K562. The development of specificity over time 
is depicted for DM6 in Figure 1. 

Two of the lymphocyte populations were assayed for 


70 
60 
50 
40 


Cytotoxic Index 
Qə 
© 





Days in Culture 


FIG. 1. Specific lysis of autologous melanoma by DM6 T cells developed 
progressively over time. Per cent lysis (cytotoxic index) of autologous 
melanoma (squares), K562 (xs), and four allogeneic melanomas (DM 105, 
DM100, DM7, and DM128, represenzed by diamonds, triangles, plus 
signs, and inverted triangles, respectively) are compared for an E to T 
ratio of 5:1. On day 15, lysis was nonspecific, and there was little lysis 
of autologous melanoma. Specificity developed by day 31 and, thereafter, 
became more pronounced. By day 88, autologous tumor was very potently 
lysed, while lysis of four other targets ranged from 0% to 4%. 
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T-cells were DM 105 (cultured), for DM128 T-cells were DM93 (cultured), 
for DM135 T-cells were DM105 (fresh passed in nude mouse) and DM93 
(cultured), for DM137 T-cells were DM135 (fresh/cryopreserved), 
DM 105 (fresh passed in nude mouse), and DM93 (cultured). 


lysis of fresh autologous peripheral blood lymphocytes. 
In both cases, autologous melanoma was lysed, but there 
was no lysis of the autologous lymphocytes (Table 2°. 
As explained in Table 1, the five specific CTL popu- 
lations generated in the present study were stimulated ei- 
ther with fresh cryopreserved or cultured melanoma, with 
similar results in either case. These five CTL populations 
were among a total of nine cultures studied in this series. 


Inhibition of Autologous Tumor Lysis with Antibody to 
HLA Class I Antigens 


CTL lysis of autologous tumor was inhibited by anti- 
body to class I HLA antigens (W6/32). These results and 
dose response data are presented in Table 3. 


Proliferative Response to Stimulation with Autologous 
Tumor 


T cells were assayed for proliferative response to au- 
tologous tumor in three-day 3H-thymidine uptake assays. 


TABLE 2. Lysis of Autologous Melanoma Without Lysis of Autologous 
Normal Lymphocytes 


Cytotoxic Index 


Patient E:T Melanoma Lymphocytes 
DM6 ‘ 40 76 <0 
20 7i <0 
10 56 <0 
> 38 <0 
DM100 40 35 —3 
20 19 —1 
10 13 2 
5 9 i 


Assays were performed on day 37. 
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TABLE 3. Dose-Response Data for Inhibition of Autologous Tumor 
Lysis by CTL in the Presence of W6/32 


DM6 T Cells vs. DM6 Autologous Tumor E:T = 2.5:1 


Concentration* % Lysis % Inhibition 
of w6/32 Autologous Tumor of Lysis 

0.0 ug/ml 71 0 

1.7 ug/ml 67 5 

3.3 ug/ml 33 54 . 

6.7 ug/ml 25 65 


* 100 ul of w6/32 antibody in medium (20, 10, 5, or 2.5 ug/ml) in 


medium was added to 50 yl of target cells in medium. 


As detailed in Table 4, there was an increase in thymidine 
uptake by T cells stimulated with autologous irradiated 
tumor cells either at a tumor to lymphocyte ratio of 1:20 
or 1:5 (responder to stimulator ratio of 20:1 or 5:1). The 
effect was titratable. Little or no proliferation was observed 
in the presence of allogeneic melanoma cells or autologous 
PBL. Heat-killed stimulator cells failed to evoke a prolif- 
erative response. 


Phenotyping of Lymphocytes 


The generated cell lines were T cells, based on their 
phenotype: approximately 90% of the cells stained positive 


TABLE 4. Proliferative Response to Autologous Tumor 3H-Thymidine 
' Incorporation in a Three-Day Assay 


3H-thymidine 
Incorporation 
T Cells Day* Treatment TLR (cpm + std) SI 
DM6 53(5) Medium © 0 692+ 61 I 
Irr DM6 tu 1:100 1443 + 210 2 
Irr DM6 tu 1:20 3474 + 293 5 
Irr DM105+ 1:100 719 + 59 l. 
Irr DM105 1:20 744+ 66 l 
DM6 88 (11) Medium 0 197+ 40 1 
Irr DM6 tu 1:100 415+ 75 2 
Irr DM6 tu 1:20 1904 + 184 9 
Irr DM6 tu 1:5 7324 + 267 37.2 
Irr DM6 tu tk 8187 + 101 41.6 
Autol PBL 1:5 190+ 14 1.0 
DM6 103 (12) Medium 0 163+ 56 1.6 
Irr DM6 tu 1:20 2143 + 345 13.1 
Irr DM6 tu 1:5 4390 + 42 26.9 
Heat Killed tu 1:20 310+ 36 1.9 
Heat Killed tu 1:5 367 + 164 2.3 
DM6 115 (10) Medium 193 + 120 1.0 
Irr DM6 tu 1:20 375+ 43 1.9 
Irr DM6 tu 1:5 1061 + 236 5.5 
Irr DM105+ 1:20 206 + 136 1.1 
Irr DM105 1:5 213 + 132 1.1 


* Number of days since the initiation of the culture (number of days 
since the last stimulation with tumor). 


+ DM6 tumor was eradicated from the wells within hours, but DM105 >- 


tumor was not lysed, and persisted in the wells on day 3. Counts reported 
for DM105 are corrected for tumor in the wells by subtracting counts 
obtained from control wells with tumor alone. 

tu, tumor. 


SLINGLUFF, DARROW, AND SEIGLER 


WIHEOKOO+O 


Ann. Surg. « August 1989 


for the CD3 antigen. Among these, there was a mixture 
of CD4 positive and CD8 positive cells. Actual values for 


several T-cell lines are listed in Table 5. 


The Role of n Vitro Stimulation with Autologous Tumor 


The role of in vitro stimulation with autologous tumor 
was assessed by stimulating PBL with varying concentra- 
tions of tumor cells. All were cultured in the presence of 
exogenous IL-2. The results of three experiments are pre- 
sented in Table 6. The PBL stimulated with autologous 
tumor cells at a TLR of 1:20 or 1:30 became autologous 
tumor specific. In contrast, there was no specificity when 
the same PBL were cultured either (1) without tu- 
mor stimulation or (2) with tumor at-a TLR of 1:100 
or 1:150. 

When the lymphocytes were assayed during the first 2 
weeks, all targets were lysed, and stimulation with tumor 
appeared to have had little effect on the lytic activity. 
With time, however, those not stimulated with tumor ex- 
hibited decreasing lysis of autologous melanoma. Those 
stimulated at a TLR of 1:100 affected slightly more au- 
tologous lysis than those not stimulated with tumor. Those 
stimulated at a TLR of 1:20 maintained their ability to 
lyse autologous melanoma over time, while there was a 
progressive decrease in the lysis of other targets. Changes 
in the lysis of autologous tumor over time are depicted 
in Figure 2. After approximately 1 month of culture, there 
were marked differences in autologous tumor lysis, de- 
pending on the amount of tumor used for T-cell stimu- 
lation. When the T cells were restimulated with autologous 
tumor at a ratio of 1:20 for 80 days and at a TLR of 1:5 
thereafter, lysis of autologous tumor was maintained for 
more than 4 months. 

Furthermore, those stimulated with tumor at a TLR 
of 1:100, as well as those not stimulated with tumor, did 
not persist as viable cell lines, while those stimulated at a 
TLR of 1:20 did persist, and have been maintained for 
more than 150 days. The loss of proliferative capacity 
without restimulation is depicted in Figure 3. 

After 80 days in culture, viable numbers of DM6 T 
cells decreased (Fig. 4). A thymidine uptake assay per- 
formed at that time revealed little proliferation in response 
to tumor ata 1:20 TLR, but more significant proliferation 
in response to a TLR of 1:5 (Table 4). In response to this 
observation, the TLR was changed to 1:5 for subsequent 
restimulations. The result was renewed T-cell prolifera- 
tion, which maintained the cell line for more than 5 
months (Fig. 4.) 


In Vitro Expansion of Lymphocytes 


The specific T cells generated from PBL in this series 
were IL-2 dependent and were expanded 4 to 23 times 
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TABLE 5. Phenotyping of Specific T Cells from PBL 
Cell Surface Antigen 
CD3 CD4 CD8 = CD16 CD11 CD25 

DAY (OKT3)% (OKT4)% (OKT8)% (Leu7)% (Leul1)% (Leu 15)% (IL2R)% 
DM6 |* 63 ey: 30 15 23 46 5 
48 81 12 78 — —] 6 l 
DM100 32 88 60 32 — 1 — — 
DM135 18 45 38 i7 — 4 l — 
39 92 8 1 16 4 — en — 
DM137 17 86 67 16 5 — — 


* DM6 PBL were assayed the day after harvest, before exposure to 
IL2 or to a tumor in vitro. They were stored overnight at room temper- 
ature in RPMI (45%) + HBSS (50%) + FBS (5%). 

—~, not done. 

All values are corrected for background staining with secondary an- 
tibody alone. The monoclonal antibodies used were directed against the 


during the period of study. The mean expansion ratio was 
10-fold after 35 days in culture. 


Discussion 


The current report demonstrates that cytotoxic T cells 
directed against autologous melanoma cells can be gen- 
erated from PBL stimulated in vitro with autologous mel- 
anoma. The development of specificity depends on re- 
peated stimulation with autologous tumor cells in vitro, 
and the cytotoxicity is blocked by the monoclonal anti- 
body, w6/32, and, therefore, appears to be restricted by 
HLA class I antigens. Using a relatively simple protocol, 
PBL from five of nine patients developed tumor-specific 
cytotoxicity in vitro. 
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FIG. 2. DM6 T cells that were repeatedly stimulated with tumor at a 
tumor to lymphocyte ratio (TLR) of 1:20 maintained autologous tumor 
lysis through day 37 (squares). When less tumor (xs), or no tumor (dia- 
monds) was used for T-cell stimulaticn, the lytic ability decreased to 
near zero within 4 weeks. Several experiments with restimulated DM6 
T ctMs resulted in persistent autologous tumor lysis for more than 4 
months. Representative values from these longer-term cultures are plotted 
for days 41 to 131. When the TLR was increased from 1:20 to 1:5 at 
day 80, autologous tumor lysis increased. 


following antigens: CD3 (T cells), CD4 (helper T cells), CD8 (cytotoxic/ 
suppressor T cells), Leu7 (natural killer cells + a subset of T cells), CD16 
(Leut1, natural killer cells), CD11 (Leul5, monocytes + natural killer 
cells + suppressor T cells), and CD25 (IL2R, activated cells expressing 
the interleukin-2 receptor). 


There are several hypotheses that may explain the fail- 
ure to generate specific CTL from four of the nine patients. 
These include (1) a paucity or lack of specific precursor 
T cells in the peripheral blood, (2) weak expression of 
HLA antigens or tumor antigens on the autologous mel- 
anoma cells, and (3) coexistent specific suppressor T cells. 
It is probable that ongoing investigations will identify ad- 
ditional cellular or humoral components that may be 
added to the cultures, either in the form of growth factors 
or in the form of antigen-presenting cells, which may fur- 
ther improve results. 

In addition to the relatively specific lysis of autologous 
tumor cells that is observed, there is some nonspecific 
lysis of allogeneic tumors, especially K562. It is probable 
that the latter, nonspecific lysis is a manifestation of re- 
sidual LAK cell or NK cell activity superimposed on the 
specific cytotoxicity of tumor-specific CTL. As demon- 
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Fic. 3. Proliferation data for DM6 T cells, with and without tumor 
stimulation, are compared. The patient’s PBL, in the presence of IL-2, 
proliferated for 3 weeks and then began to die. After 5 weeks, the cells 
stimulated with tumor at a TLR of 1:20 (circles) began to proliferate 
slowly and to maintain their cell numbers for more than 9 weeks, while 
the other populations (xs and squares) failed to proliferate. 
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FIG. 4. The DM6 T-cell line was maintained in vitro for more than 5 
months when the T cells were restimulated during the first 80 days with 
autologous tumor at a tumor to lymphocyte ratio (TLR) of 1:20 and 
thereafter at a TLR of 1:5. The denominator of the TLR is marked at 
each stimulation time on the graph. 


strated in Figure 2, lysis of autologous tumor by CTL 
could be maintained for months. In contrast, LAK cell 
activity declines over time (Table 6). 

Previous investigations’? have demonstrated that tu- 
mor-specific CTL generated from LNC typically bear the 
CD3+ CD8+ phenotype. The same is presumed true for 
CTL generated from PBL. As highlighted in Table 5, the 
phenotype changed during the period of culture, with an 
increasing percentage of CD3-+ cells, a decline in the per- 
centage of CD16+ (Leu 11+) cells, and'an increase in 
either the CD4+ subset or the CD8+ subset. The DM6 
CTL had high cytotoxic activity and were 78% CD8+ 
after 48 days. In contrast, the cytotoxic activities of 
DM 135 CTL and DM137 CTL were lower and they were 
only 16% CD8+, with a predominance of CD4- cells. 

Three subpopulations of cells are postulated to co-exist: 
(1) the tumor-specific CTL, predominantly CD8+, spe- 
cifically stimulated by autologous tumor, and specifically 
cytotoxic for that same tumor, (2) helper cells that par- 
ticipate in the proliferative response to tumor but do not 
lyse target cells directly, and (3) cells that are not respon- 
sive to autologous tumor, but, instead, are equivalent to 
LAK cells, probably express Leu 7 or CD16 markers, and 
progressively lose activity over time. 

The methods described are effective and follow logically 
from previous work. In 1982, Vose and Bonnard? sensi- 


tized PBL of cancer patients with autologous tumor in - 


vitro in mixed lymphocyte-tumor cultures (MLTC), then 
isolated arid cultured reactive lymphoblasts. Specific cy- 
totoxic activity against autologous tumor developed in 
several cases. Their work suggested that im vitro stimula- 
tion of PBL with autologous tumor may be important in 
the generation of tumor-specific effector cells. Further- 
more, CTL generated in a murine tumor system have 


been demonstrated to eradicate a murine leukemia in 
vivo 30-32 
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In another murine tumor system,'® generation of tu- 
mor-specific CTL was shown to depend on restimulation 
with syngeneic tumor in vitro. Furthermore, the dose of 
tumor used for sttmulation was demonstrated to be im- 
portant to the therapeutic efficacy of the generated CTL 
populations. The optimal ratio of stimulating tumor cells 
to lymphocytes (tumor to lymphocyte ratio; TLR) was 1: 
2 in this system. In contrast, the precise role of autologous 
tumor in the in vitro stimulation of tumor-specific CTL 
has not been well established in the human system. The 
present report documents the importance of the concen- 
tration of tumor cells used for induction and maintenance 


. of both the proliferative response and the cytotoxic re- 


sponse of tumor-specific CTL. 


TABLE 6. Autologous and NK Lysis by T Cells Generated 
from PBL: The Role of Tumor Stimulation 


Target Lysis by PBL-Derived T Cells 


(%) 

Autologous Allogeneic} 
Patient TLR*- Day - Melanoma K562 Melanoma 
DM6+ 1:20 13 54 78 34 

20 36 55 32 

21 46 27 43 

37 37 17 7 

1:100 13 62 >100 50 

20 18 48 8 

27 10 6 12 

None 13 58 >100 5I 

20 10 15 8 

Bee 5 8 ‘4. 

DM100 1:20 28 59 65 39 

37 35 35 9 

1:100 28 28 70 28 

37 4 23 10 

None 28 37 ‘65 40 

DM128 1:30 0° 1 28 —] 

15 65 97 61 

22 77 109 84 

29 59 76 40 

36 35 34 = 

1:150 0 l. 28 as | 

15 56 » 95 66 

22 91 100 99 

29 60 81 46 

36 16 59 16 

None 0 l . 28 =] 

15 23 79 28 

22 21 64 35 

29 11 28 15 

36 5 © 18 14 


* TLR (tumor-lymphocyte ratio) = ratio of tumor cells to lymphocytes. 

t Target lysis by DM6, DMI00, and D128 T cells at E:T ratios of 
10:1, 40:1, and 20:1, respectively. On day 36, DM128 was tested at 
10:1. In all cases the autologous and allogeneic tumors were cultured. 

t The allogeneic tumor was DM93 except with DM6 T cells on day 
37, when DM17 was used. Recent studies (Manuscript in preparation) 
have shown that DM6 T cells, homozygous for HLA-A2, are consistently 
cross-reactive with DM93 and to a lesser extent, are cross-reactive for 
DM17, both of which express also HLA-A2. Lysis of HLA-unmatched 
allogeneic melanomas is less than lysis of K562 by these T cells. 
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In the current study, the role of in vitro stimulation 


was examined in a series of controlled experiments. A 
TLR of 1:20 appears to be effective in a majority of cases, 
but maintenance of cellular proliferation beyond 80 days 


may require a higher concentration of stimulator cells, in 


the’range of 1:5. An increase in the TLR was associated 
with renewed proliferation and maintenance of both (1) 
cell viability and proliferation, and (2) specific cytotoxicity 
for more than 4 months. The dose of tumor cells used in 
stimulation appears to be highly critical to the proliferative 
and cytotoxic responses. These considerations are 1m- 
portant in designing adoptive immunotherapy protocols 
because, at present, the number of tumor cells available 
for stimulation is one of the principal limiting factors in 
the generation of specific CTL. 

In the peripheral blood of patients with stage II malig- 
nant melanoma, there appear to be precursor cells that 
can be expanded in vitro as cytotoxic effector cells directed 
specifically against the autologous melanoma. Although 
exposure to shed antigen in blood may occur, generation 
of CTL from PBL appears to depend on in vitro manip- 
ulation. To generate specific CTL, antigen stimulation is 
required, but proliferation depends on the T-cell growth 
factor, IL-2. 

Cytotoxicity data for tumor-specific CTL populations 
derived from PBL in the present report can be compared 
to those derived from LNC (Table 7). Lysis of autologous 
tumor 1s similar for the lymphocytes derived from those 
two sources, but CTL derived from PBL generally retain 
greater NK activity (lysis of K562) than do CTL derived 
from LNC. 

The ability to use peripheral blood lymphocytes as a 
source of cytotoxic cells for adoptive immunotherapy 
could substantially increase the feasibility of such therapy. 
Peripheral. blood lymphocytes are the most accessible 
lymphocytes in the body, and they are renewable. A single 
session of leukapheresis can generate approximately 10}? 
lymphocytes.” With a mean expansion ratio of ten, 101! 
specific CTL cells could be available for adoptive tm- 
munotherapy as a result of a stngle leukapheresis. 

LAK cells have been associated with therapeutic benefit 
using a median of 7.9 X 10°° cells per course.? Murine 
experiments have suggested that specific T-cell popula- 
tions may be as much as 50 to 100 times as potent as 
LAK cells.* It appears likely, therefore, that using current 
technology, PBL could be stimulated with autologous tu- 
mor to generate adequate numbers of specific cytotoxic 
T cells for therapeutic trials in patients with melanoma. 

The present work with CTL has been directed at a single 
human malignancy, malignant melanoma. The possibility 
of generalizing these results, however, does exist; other 
invéstigators have generated cytotoxic responses from 
lymphocytes of patients with sarcoma or with carcinomas 
of the breast, colon, or lung.>? Furthermore, the potential 
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TABLE 7. Autologous, NK and LAK Lysis by T Cells Generated 


from PBL or from LNC 

Target Lysis (Cytotoxic Index) 

Source” =o 

Patient Day ET of Tcells AutoMel* AlloMel K562 
DM105 23 ~~ 20:1 PBL 46 — 73 
LNC 83 — 71 
DM122 38 20:1 PBL 56 14 50 
LNC . 59 12 19 
DM128 29 10:1 PBL 59 40 76 
LNC 40 13 35 
DM137 38 ~— 20:1 PBL 30 9 36 
LNC 37 25 47 


* Targets listed are autologous melanoma (AutoMel), allogeneic cul- 
tured melanoma (AlloMel), and K562. The autologous melanomas 
DM105 and DM128 were cultured, and DM122 and DM137 were fresh. 

—, not tested. 


therapeutic role of specific CTL generated in vitro is only 
one justification of the work. Studying the in vitro inter- 
actions between human immune cells and human tumor 
cells may increase the understanding of their interactions 
in vivo and may assist in improving the treatment of pa- 
tients with cancer. 
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Effect of Thermal Injury i in the Rat « on Transfer 


of IgA Protein into Bile 
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ROBERT BAKER, M.D., PH.D.,§ EDWARD BREAZEALE, B.S.,* KENNETH GRANT, M.D. 


Severe thermal injury is associated with bacterial sepsis; the 
intestine is considered a likely source of invasive organisms. Be- 
cause IgA antibody in bile accounts for much of the specific 


` immune defense of the upper intestinal tract in the rat, the effect 


of thermal injury on the quantity of IgA protein in bile was ex- 
amined. Sprague-Dawley rats received a 20% to 30% body surface 
area burn under anesthesia. Eighteen hours later the common 
bile duct was cannulated and bile was collected for three hours. 
Total IgA protein in bile decreased 90% after thermal injury. 
The bile volume, the concentration of bile protein, and free se- 
cretory component did not change significantly. Although blood 
flow to the liver 18 hours after thermal injury was not changed, 
there was a significant reduction in total IgA concentration in 
the circulation; both monomeric (m-IgA) and polymeric IgA (p- 
IgA) were decreased. This finding may explain, in part, the re- 
duced concentration of IgA protein in bile. Although not examined 
in this study, decreased local hepatic synthesis and/or transport 
of p-IgA across the hepatocyte may also contribute to the reduced 
IgA levels in bile. 


ESPITE THE INTRODUCTION OF effective anti- 


microbial agents, bacterial sepsis remains an - 


important cause ef morbidity associated with 
severe thermal injury.! Although the damaged skin has 
been identified as the primary source of bacteremia,’ the 
gastrointestinal tract has also been implicated as a poten- 
tial source.? Translocation of bacteria across the 
intestine** after burn injury has been demonstrated in 
animals. Translocation can be enhanced by disturbance 
of the indigenous gastrointestinal microflora, impaired 
systemic immune defenses, and physical disruption of the 
mucosal barrier.” 8 The normal intestinal barrier depends 
on specific (IgA antibody)”’° as well as nonspecific factors 
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(gastric acidity, motility, mucus, digestive enzymes, and 
normal bacterial flora).!! A loss of one of these compo- 
nents of the barrier may facilitate translocation of bac-eria 
from the intestine into the circulation. | 

In the.rat, IgA delivered to the intestine via bile accounts 
for 90% of the upper intestinal IgA protein.'? The goly- 
meric IgA protein in the blood is transported across the 
hepatocyte or bile duct cells via receptor-mediated (se- 
cretory component) endocytosis, is exocytosed as secretory 
IgA (s-IgA) into bile canaliculi, and carried into the upper 
small intestine via the bile duct system.'°"'° For normal 
transport to occur, circulating and locally synthesized p- 
IgA must be available’”* and the hepatocyte p-IgA trans- 
fer mechanism must be functional. In this study, we ex- 
amined the transport of IgA protein into bile after thermal 
injury to assess whether this component of specific im- 


- mune defense of the intestine was compromised. 


Materials and Methods 


Animal Model 


Female. CD-1 rats (Charles River Breeding Lab, Wil- 


‘mington, MA) weighing 160 to 190 gm were subjected to 


cutaneous thermal injury by a modification’? of the 
method of Walker and Mason.”° After induction of anes- 
thesia (Brevital, Eli Lilly, Indianapolis, IN; 50 mg/kg body 
weight), the backs of the rats were shaved. The rats were 


03 . 


204 


placed in a plastic mold and approximately 20% of body 
surface area was exposed to boiling water for 15 seconds. 
The rats were then given an intraperitoneal (IP) injection 
of saline (50 ml/kg body weight), placed in individual 
metal cages, and given free access to water. Control rats 
were anesthetized, shaved, given saline ip, and placed in 
metal cages. 


Bile Collection 


Eighteen hours after the thermal injury, rats were anes- 
thetized with ether. A midline laparotomy was performed 
and the common bile duct was cannulated with PE-50 
tubing (Clay Adams, Parsippany, NJ). Immediately after 
surgery bile was collected in one-hour samples for three 
hours. Bile was collected into borosilicate glass tubes 
placed in ice 30 cm below the level of the animal. Light 
ether anesthesia was maintained during the three-hour 


collection period. Bile was frozen at —20 C before assay. 


Measurement of Total IgA Protein and Free Secretory 
Component (FSC) 


Total IgA protein in serum and bile and free secretory 
component were measured by radioimmunoassay (RIA) 
using double antibody precipitation techniques according 
to the methods of Sullivan and Allansmith”! and Sullivan 
and Wira.” Rat reference serum (Miles Laboratories, 
Elkhart, IN) containing both monomeric and polymeric 
IgA protein and purified rat SC were used as standards. 
Purified rat secretory IgA and purified rat SC were iodin- 
ated with Na’”I (New England Nuclear, Boston, MA) 
using Iodogen (Pierce Biomedical, Rockford, IL). For the 
assay, “first” antibodies consisted of goat anti-rat IgA 
(Miles Laboratories) or rabbit anti-rat SC. The “second” 
antibodies, rabbit anti-goat IgG and goat anti-rabbit IgG 
(Miles Laboratories) were used with the appropriate first 
antibody. Addition of bile from burn or control animals 
did not interfere with the measurement of total IgA protein 
in serum in our assay. 


Measurement of Total Protein in Serum and Bile 


Protein determinations in bile and serum were per- 
formed by the Hartree assay.” Bovine serum albumin 
was used as the standard. 


Characterization of IgA Protein in Serum and Bile by Bio- 


Gel Al.5 Gel Permeation 


The molecular size of IgA protein in serum or bile was 
estimated by gel permeation using a Bio-Gel A1.5 (Bio- 
Rad, Richmond, CA) column (1.5 cm X 80 cm); the total 
IgA content of the eluted fractions was estimated by RIA. 
One milliltter of serum or bile pooled from 3 experimental 
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or 3 control animals was applied to the column and eluted 
with phosphate-buffered saline (0.01M phosphate, 0.15M 
NaCl, 0.05% azide, pH 7.4); 2.8-ml fractions were col- 
lected. The column was calibrated with Dextran Blue 2000 
(DB, M, [relative molecular mass] 1-2 X 10°, Pharmacia, 
Piscataway, NJ), bovine thyroglobulin Type I (TBG, M, 
6.6 X 10°, Sigma, St. Louis, MO), bovine gamma globulin 
(BGG, M, 1.6 X 10°, Sigma, St. Louis, MO) Vitamin B,> 
(By, M, 1.4 X 10°, Sigma, St. Louis, MO). IgA concen- 
tration in serum or bile was plotted versus elution volume. 
The percentage of IgA protein in each peak was estimated 
by cutting out and weighing the peaks. 


Assessment of Hepatic Blood Flow 


Radiolabelled microspheres were used to measure car- 
diac output (CO) and regional distribution of blood flow. 
Cannulas (PE-50) were inserted surgically into the left 
ventricle via the carotid artery and into the femoral artery. 
Incisions were closed and the animals were allowed to 
recover from anesthesia. The rats were placed in a re- 
straining cage. Microspheres (15 + 0.1 microns in di- 
ameter), labelled with cesium-141 ('*!Ce) (New England 
Nuclear) were used according to reported methods.?*”° 
A 0.5 ml suspension of microspheres (400 spheres/g body 
weight) was injected into the left ventricle over a period 
of 20 seconds. Simultaneously a reference blood sample 
was obtained in a heparin-containing syringe from the 
femoral artery by a syringe pump at 0.57 ml/minute (5.7 
mi total). After completing the microsphere injection, the 
carotid cannula was flushed with warmed normal saline 
at a rate equal to the reference sampling. After ten min- 
utes, the animals were killed by an intra-arterial injection 
of KCl. Liver, small intestine, and colon samples were 
obtained, rinsed with saline, blotted, weighed, and placed 
in scintillation vials. Radioactivity was determined in a 
Compu Gamma. 1282 (LKB Instruments, Gaithers- 
burg, MD). 

Calculation of the cardiac output (CO) in ml/min/kg 
body weight were determined as follows:. 


counts per minute injected 
B x reference sample withdrawal rate 


= counts per minute in reference sample 
X body weight 
(1) 


Organ blood flow (OBF) in ml/min/kg body weight 
was calculated from the formula 


count minute in organ 
COEF = CO. O 
counts per minute injected 
(The liver blood flow was considered to be the sum of 
splanchnic blood flow and hepatic artery blood flow.) 


ETN 
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Effect of Thermal-Injury on Total IgA Protein, Free Se- z= 
cretory Component, and Total Protein in Bile Š so 
To evaluate the effect of thermal injury on biliary IgA - das 
protein content, bile was collected 18 hours after burn © 0 ; 3 3 
treatment in one-hour samples for three hours. As shown TIME (hr) 


in Figure 1, the total IgA protein was decreased six to 
seven times (p < 0.001, ANOVA for repeated measures) 
in each one-hour sample. Biliary IgA protein concentra- 
tion was also decreased sixfold after thermal injury; the 
difference in concentration of IgA in thermally injured 
compared to sham-treated rats was significant (p < 0.001) 
(Table 1). In contrast, no significant differences were noted 
in the concentration of total protein, free secretory com- 
ponent, or bile volume of thermally injured compared to 
the sham-treated groups. l 

The molecular size of IgA protein in bile was examined 
by gel permeation using a Bio-Gel A1.5 column. The IgA 
protein in sham-treated animals eluted predominately as 
a polymer with a molecular size greater than M, 160,000 
(Fig. 2). After thermal injury, the major peak was reduced 
> 88% (results observed in two experiments each involving 
three thermally injured and three control rats.) 


Effect of Thermal Injury on Circulating IgA Protein 


Because transfer of IgA protein into bile depends, in 
part, on the amount of IgA protein transported to the 
liver via the circulation, the concentration of IgA protein 
in the circulation was measured. After thermal injury, a 
significant (p < 0.001 t-test for independent groups) de- 
crease in total serum protein and in serum IgA concen- 
tration was noted (Table 2). 

Because IgA protein transport from the circulation into 
bile involves primarily polymeric IgA, the molecular size 
of IgA protein in the circulation was examined after burn 


Fic. 1. IgA protein content of bile obtained 18 hours after thermal injury 
(n = 5) and sham treatment {n = 5). Bile was collected for three hours 
after common bile duct cannulation. Bars: Mean + SEM. There is sig- 
nificantly less IgA protein in bile of thermally injured compared to sham- 
treated rats (p < 0.001 for-treatment effect determined ied ANOVA for 
repeated measures). 


injury. A large decrease (59%) in monomeric IgA and a 
smaller (20%) decrease in polymeric: ‘Aga was noted 
(Fig. 3). 


Assessment of Hepatic Blood Flow After Thermal Injury 


Transport of p-IgA protein to the liver via the circu- 
lation is dependent on blood flow to the liver and con- 
centration of p-IgA in the blood. Hepatic blood flow, as 
determined using radiolabelled microspheres, was cal- 
culated from cardiac output and the sum of radioactive 
microspheres trapped in the liver (representing arterial 
hepatic flow) and the splanchnic bed (representing portal 
vein flow) as described in Materials and Methods. No 
change was found in hepatic blood flow of thermally in- 
jured (28.2 ml/min/kg) compared to sham-treated rats 
(28.4 ml/min/kg) 18 hours after thermal injury. 


Discussion 


We have demonstrated a 75% to 90% reduction in both 
the amount and concentration of IgA protein secreted-in 
bile 18 hours after Soma injury in a rat. The possibility 


TABLE 1. Characterization of Bile from Thermally Injured and Sham-Treated Sane Dane Rats. 


Total IgA ' IgA Cone. 
(ug/hr) (ug/ml) 
Thermally injured 
(n = 12) 37+ 9* 122 + 16 
Sham-treated 223 + 26 693 + 52 
{n= If) p< 001 p< .001 
ean + SEM. 


i FSC, Free secretory component; n = 8 in both thermally injured 
and Sham-treated groups. 


Protein Conc.t FSC Conc.t Bile Volume 
(mg/ml) (ug/ml) (ul/hr) 
5.2 + 0.8" 74 + 16 279 + 37 
5.2 + 0.3 61+ § 321 + 28 
NS} NS NSł 
t Not significant. 
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FIG. 2. Characterization of IgA protein in the bile from thermally injured 
and sham-treated rats by Bio-Gel A1.5 permeation. The gel column (1.5 
cm X 80 cm) was eluted with PBS; 2.8-ml fractions were collected. Each 
fraction was examined by RIA for IgA protein, Column calibration 
markers included Dextran Blue 2000 (DB, M, 1-2 X 105), thyroglobulin 
(TGB, M, 6.6 X 10°), bovine gamma globulin (BGG, M, 1.6 X 10°), and 
Vitamin By, (By, M, 1.4 X 10°). The concentration of polymeric IgA 
protein in bile (large peak, outlined by solid dots, eluting in the position 
between the Dextran Blue and thyroglobulin markers) decreased > 88% 
after thermal injury (small peak outlined by open circles). 


that an artifact in the IgA protein assay might account 
for the differences observed was considered. After the ad- 
dition of known amounts of IgA protein to bile from ther- 
mally-injured and normal rats, the predicted amounts of 
IgA protein were found in both cases (data not shown). 
The total protein concentration in bile from thermally 
injured and sham-treated rats was not different, suggesting 
that the mechanism(s) responsible for the large reduction 
in biliary IgA protein was specific for this protein. The 
change in biliary IgA also appears independent of the bile 
volume; therefore the change in IgA content of bile is 
unlikely to be related to factors that alter bile vol- 
ume.”’~”? Kloppel*°! suggested that brief periods of bile 
duct stasis induced by collecting bile from a cannula 
placed above the level of the animal, or by briefly clamping 
the common bile duct, can disrupt normal transport of 
IgA protein into bile. Although the bile duct might have 
briefly obstructed during insertion of the cannula, both 


TABLE 2. Characterization of Serum from Thermally Injured and 
Sham-Treated Sprague-Dawley Rats 


IgA Protein 

(ug/ml) (mg/ml) 

Thermally injured t545" 5942 
(N = 9) (N = 6) 

Sham-treated 132 £8 7643 
(N = 9) (N = 6) 

p< .001 p < .001 


* Mean + SEM. 
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Fic. 3. Characterization of IgA protein in a serum pool from three ther- 
mally injured and three sham-treated rats. The A1.5 gel permeation col- 
umn (1.5 em X 80 cm) was eluted with PBS; 2.8-ml fractions were col- 
lected. Each fraction was examined by RIA for IgA protein. The cali- 
bration markers included Dextran Blue (DB, M, 1-2 X 10°), thyroglobulin 
(TBG, M, 6.6 X 10°), and bovine gamma globulin (BGG, M, 1.6 xX 10°). 
Serum from both sham-treated (closed circles) and thermally injured 
rats (open circles) show two peaks of IgA protein; the first of these consists 
of polymeric IgA (eluting between the Dextran Blue and thyroglobulin 
markers) and the second of monomeric IgA protein (eluting near the 
BGG markers). After thermal injury, there was a major decrease in mo- 
nomeric IgA and a minor decrease in polymeric IgA protein of serum. 


the experimental and sham-treated groups had identical 
surgery and bile was collected via a cannula placed below 
the level of the animals throughout the experiment. 
Secretion of IgA protein into bile depends on the supply 
of polymeric IgA presented to the hepatocyte or bile duct 
cell, and the capacity of these cells to bind polymeric IgA 
to secretory component on the sinusoidal surface, to 
transport the SC-pIgA complex across the cell within a 
vesicle, and to release the SC-pIlgA complex into bile.*” 
Supply of p-IgA to the hepatocyte and bile duct cells is 
dependent on p-IgA delivered via the circulation and p- 
IgA synthesized locally within the liver.'”!® In this report, 
we examined delivery from the circulation. Delivery of 
p-IgA depends on blood flow to the liver, normal perfusion 
of hepatocytes within the liver, and the concentration of 
p-IgA in the plasma. Blood flow to the liver was measured 
using radioactive microspheres. The total blood flow to 
the liver appeared normal 18 hours after injury, although 
we could not define the distribution of flow within the 
liver by this technique. Total IgA protein in serum was 
decreased. Because only the polymeric form of IgA is ef- 
fectively transferred into bile, it was important to examine 
the effect of burn injury on this molecular species. The 
polymeric IgA was decreased approximately 20%; mo- 
nomeric IgA showed a greater change (a 59% decrease). 
Differences in the effect of thermal injury on plasmd’cell 
populations producing p-IgA or m-IgA, or differences in 
the effect of thermal injury on the rate or sites of clearance 
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of these two molecular species may account for the ob- 
served differences in concentration of IgA molecules. The 
supply of p-IgA available for transport into bile may also 
depend on local production of p-IgA within the liver.'’ 
Local production may be affected by thermal injury, but 
this possibility was not examined in our study. 

In the present study, we have defined one factor, a re- 
duction in blood level of p-IgA, that may be responsible 
for the decreased IgA level of bile in thermally injured 
rats. It will be necessary to examine local synthesis of p- 
IgA within the liver and the hepatic transport of p-IgA to 
evaluate the contribution of these factors to the reduced 
p-IgA content of bile. Reduced delivery of IgA antibodies 
via the bile may be involved in the altered immune defense 
of the gut of the burned animal. 
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Percutaneous Aspiration and Alcohol Sclerotherapy 
for Symptomatic Hepatic Cysts 


An Alternative to Surgical Intervention 





MATTI I. KAIRALUOMA, M.D., PH.D., AARO LEINONEN, M.D., PH.D.,* MARKKU STAHLBERG, M.D., PH.D., 
MARKKU PAIVANSALO, M.D., PH.D.,* HEIKKI KIVINIEMI, M.D., PH.D., and TOP! SINILUOTO, M.D.* 


_ Eight patients with 15 symptomatic nonneoplastic congenital 
hepatic cysts underwent ultrasound-guided percutaneous aspi- 
ration and temporary injection of 99% ethanol into the cyst. All 
cysts were treated at least twice at the same sitting. The volume 
of alcohol injected varied from 20 to 100 ml, depending on the 
size of the cyst. A cure was usually achieved with one alcohol 
sclerotherapy treatment. Only minor side effects such as transient 
pain and temperature elevation occurred. No recurrences were 
found during a follow-up period of 12 to 32 months. The results 
indicate that aspiration and alcohol sclerotherapy is a feasible 
alternative to surgical intervention in patients with symptomatic 
nonneoplastic congenital hepatic cysts. We recommend it as the 
treatment of choice in cases with high surgical risk or polycystic 
liver disease. 


LTRASOUND (US) AND COMPUTED TOMOGRA- 
PHY (CT) have revealed that the prevalence of 
hepatic cysts is higher than previously suspected, 
and occasionally these cysts become large enough to be 
symptomatic.'? Aspiration alone has not been effective 
for preventing recurrence,’ and thus surgical intervention 
has so far been the only effective treatment available.‘ 
This entails considerable morbidity, however, and occa- 
sionally death. Bean and Rodan have recently reported 
that aspiration and injection of alcohol could be the treat- 
ment of choice for symptomatic congenital cysts.° 
~In November 1985, an elderly woman aged 81 years 
with a large symptomatic hepatic cyst of volume 2100 ml 
was referred to our clinic for surgical treatment. She was 
considered a poor surgical risk, however, and instead ul- 
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trasound-guided percutaneous aspiration with temporary 
ethanol injection was performed as the definitive treat- 
ment, with excellent results. Since then we have prospec- 
tively treated all patients with symptomatic congenital 
nonneoplastic hepatic cysts with aspiration sclerotherapy. 
Eight patients with 15 symptomatic hepatic cysts treated 
successfully by this method form the material for the 
present report. 


Patients and Methods 


Eight patients (seven women and one man, aged 25 to 
87 years) with 15 symptomatic nonneoplastic congenital 
hepatic cysts were prospectively treated by ultrasound- 
guided percutaneous aspiration and temporary injection 
of alcohol into the cyst at Oulu University Central Hos- 
pital between November 1985 and June 1987. Four pa- 
tients had a solitary hepatic cyst and the other four patients 
had polycystic liver disease. One patient also had poly- 
cystic kidneys but normal renal function. One patient with 
polycystic liver disease had previously undergone a de- 
compressive unroofing procedure for a large symptomatic 
hepatic cyst at our clinic. All patients had epigastric pain 
caused by the cysts (Table 1). 

A careful traveling history was taken and a thorough 
examination with US, CT, and laboratory examinations 
was used to rule out parasitic and neoplastic liver cysts. 
The diagnosis was made by ultrasonography (US) and 
confirmed by computed tomography (CT), from Which 
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the diameters of the cysts were measured. Hematologic 
values (hemoglobin, hematocrit, and leucocyte count), 
liver and renal function tests, and clotting factors (bleeding 
and prothrombin time, and activated partial thrombo- 
plastin time) were normal in all patients. 

The procedure was performed as described by Bean 
and Rodan? in 1985. All patients were admitted to the 
hospital for treatment and were given 50 mg pethidine 
hydrochloride and 0.5 mg atropine sulphate subcutane- 
ously as premedication. After local analgesia of the punc- 
ture site with 1% lidocaine hydrochloride, a small incision 
was made. 

First a 270 mm, 19G Lunderqvist PTC needle® with 
a sheath of 4.87 X 250 mm (Meadox Surgimed A/S, Den- 
mark) was passed into the cyst using real-time ultrasound 
guidance with a 3.75-MHZ convex transducer (Toshiba 
77, Toshiba Corp., Japan). Twenty milliliters of fluid was 
aspirated from the cyst cavity and sent to the laboratory 
for cytologic and bacteriologic examination. Then a | 10- 
cm, 0.035-inch diameter Lunderqvist guide wire with a 
7-cm flexible tip® (Meadox Surgimed A/S, Denmark) 
was introduced through the needle into the cyst cavity 
and the needle was withdrawn. Using the Seldinger tech- 
nique, a 40-cm, 6 French Drainage catheter with loop 
technique® (Angiomed, West Germany) was placed in 
the cyst and the remaining fluid was aspirated and its 
volume measured. The time required for emptying the 
cyst cavity depended on the size of the cyst. The largest 
cyst, volume 8100 ml, was emptied slowly over 24 hours. 
A radiograph of the cyst was obtained after injection of 
contrast medium (Urografin 30%,® Oy Leiras Ab, Fin- 
land) to ensure that there was no communication with 
the biliary tree or extravasation into the peritoneal cavity. 
After complete aspiration of the contrast medium, 20 to 
100 ml of sterile absolute alcohol (Ethanol 99%,® Oy 
Orion Ab, Finland) was injected into the cyst depending 
on its size. The alcohol was left in the cyst for 20 minutes, 
during which time the patient was rolled from side to side 
into various positions at several-minute intervals so the 
alcohol came into contact with all surfaces of the cyst 
cavity. After this treatment all alcohol was aspirated. 
Smaller cysts were treated two times at the same sitting, 
and larger cysts were treated three times. Complete emp- 
tying of the cyst cavity was verified by US. If the patient 
experienced severe pain during the instillation of alcohol, 
the procedure was aborted and completed later. Blood 
alcohol content was measured 20 and 80 minutes after 
completion of the procedure. The preoperative laboratory 
examinations were repeated the next day. 

Routine follow-up US scans and laboratory tests were 
requested 1, 2,6, 12, 18, and 24 months after the treatment 
or if there was a recurrence of symptoms. All patients 
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TABLE 1. Presenting Symptoms 


Symptom Number of Patients 
Epigastric pain 
Epigastric mass 


Vomiting 
Dyspnea 
Edema of the legs 


— i mee A OO 


were followed regularly until June 1988. They all are alive 
and doing well. 


Results 


The initial diameter of the cysts ranged from 6 to 25 
cm (mean 10 + 5 cm) and their aspirated volume ranged 
from 95 to 8100 ml (mean 950 + 2000 ml). No com- 
munication between the cyst cavity and the biliary tree 
or no significant extravasation into the peritoneal cavity 
was detected by cystography. All fluid cytologies and cul- 
tures were negative. No changes were observed in he- 
moglobin and hematocrit values, leucocyte count, liver 
and renal function tests or clotting factors after the pro- 
cedure. 

Blood alcohol content was elevated in all patients im- 
mediately after the procedure; the mean value 20 minutes 
after alcohol sclerotherapy was 0.43 + 0.38 per milliliter, 
but it decreased to 0.38 + 0.32 per milliliter within one 
hour. The highest value measured in the first sample was 
1.02 per milliliter, which had decreased to 0.92 per mil- 
liliter after one hour. The total volume of alcohol used 
correlated significantly with the increase in blood alcohol 
content per kilogram of body weight (p < 0.025, linear 
regression). 

Five patients had side effects after the procedure (Table 
2). Four patients experienced mild pain during alcohol 
injection, but the procedure was completed successfully. 
One patient reported severe pain during alcohol injection 
and the alcohol was immediately aspirated and the pro- 
cedure aborted. It was successfully completed one month 


TABLE 2. Complications 


Complication Number of Patients 
Pain 

severe 

mild 
Fever 
Nausea and vomiting 
None 
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FIGs. 1A-E. A 25-year-old woman with a 2-month history of epigastric pain. (A) Sagittal sonogram of the right upper quadrant of the abdomen 
shows a 8-cm solitary hepatic cyst (c), right kidney (k) and gallbladder (g). (B) Computed tomography reveals a solitary cyst (c) in the right lobe of 
the liver and the superior pole of the right kidney (k). (C) Cystography after percutaneous aspiration. The cyst was subsequently treated with 30 ml 
of 99% ethanol three times at the same sitting. (D) One-month follow-up sonogram shows only a small residual cyst cavity (c) and the right kidney 
(k). (E) One-year follow-up sonogram confirms ablation of the treated cyst. Right kidney (k) and gallbladder (g). 


later. The mean diameter of the cysts decreased from 10 
+ § cm to 3 + 3 cm, measured by US, immediately after 
the treatment. The diameter of the largest cyst decreased 
from 25 to 7 cm. 

In our first two patients a second alcohol sclerotherapy 
was carried out 1 or 2 months after the initial treatment, 
but the remaining six patients underwent treatment only 
once. In three patients a small solitary cyst disappeared 
completely during the follow-up period of | year after the 
first treatment (Figs. 1A-E). Our third patient, who had 
the largest cyst in this series, 8100 ml in volume, was 
treated only once with excellent results (Figs. 2A—I). The 
size of the cyst increased during the first month after the 
procedure and then decreased continuously, so that 32 
months after the treatment its diameter measured 7 cm. 
Simultaneous with the decrease in size, a dense network 
of adhesive septae started to develop between the cyst 
walls. A similar pattern was also observed in some other 
large cysts. 

The patients were followed by ultrasound for 12 to 32 
months (mean 18 + 12 months) on an outpatient basis. 
None of the small residual cysts had increased in size after 
the 2-month check-up. All patients were symptom free at 


their last follow-up visit. Three patients with five cysts 
have been followed up for more than 2 years without any 
signs of recurrence (Fig. 3). 


Discussion 


Most congenital hepatic cysts are fully asymptomatic 
and their presence is detected incidentally by US or CT, 
but occasionally some of them become large enough to 
cause symptoms. Surgical procedures such as unroofing, 
excision, or standard hepatic resection have been the only 
feasible treatment for symptomatic congenital hepatic 
cysts until.* Operations nevertheless subject the patient 
to considerable morbidity and sometimes death, and he- 
patic resection is an especially formidable undertaking in 
a high-risk patient. A patient with polycystic liver disease 
in whom the whole liver may be composed of cysts of 
varying sizes poses a special problem if some of the cysts 
become symptomatic.® In such a case, formal hepatic re- 
section for excision of the diseased tissue may be a major 
undertaking that is unwarranted by the extent of the lesion 
and does not definitely prevent recurrence. Success with 
the use of alcohol in renal cysts’ encouraged Bean. and 
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Rodan? and Trinkl et al.’ to try it with symptomatic con- 
genital hepatic cysts, with excellent results. A bleeding 
tendency, parasitic and neoplastic cysts, communication 
from the cyst to the biliary tree, or extravasation into the 
peritoneal cavity are considered contraindications for al- 
coho?sclerotherapy.*>* 
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FIG. 1. (Continued) 





Both benign and malignant neoplasms have been re- 
ported by Jones et al.* in congenital liver cysts. In the 
Lahey Clinic series of 18 patients with nonparasitic cysts 
of the liver, they found two cases of neoplastic liver cysts 
(11%). One was a benign papillary cystadenoma and the 
other was a malignant cystadenocarcinoma. They em- 
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Fics. 2A-I. An 87-year-old man with a 1-year history of epigastric pain, upper abdominal mass, and edema of the legs. (A) Sonogram shows a giant 
hepatic cyst (c). (B) Computed tomography reveals a 25-cm hepatic cyst (c) replacing the whole right lobe of the liver and compressing the inferior 
vena cava. 8100 ml of fluid was aspirated over a 24-hour period. (C) Cystography shows a partially collapsed cyst cavity. After aspiration of the 
contrast medium, 100 ml of 99% ethanol was injected into the cyst three times at the same sitting. (D) One-day follow-up sonogram shows a small 
residual cyst cavity (c). (E) Follow-up sonogram after three days confirms recollection of fluid in cyst (c). (F) Two-month follow-up sonography 
shows a 15-cm multilocular cyst (c). A dense network of intracavitary septae (s) has begun to develop between the cyst walls. (G) Four-month follow- 
up sonogram reveals a 13-cm multilocular cyst (c). The septae (s) have become thicker. (H) One-year follow-up sonogram shows an 8-cm multilocular 
cyst (c). Thick septae fill most of cyst cavity. (I) Two years after aspiration sclerotherapy the diameter of cyst (c) had further decreased to 7 cm. The 


cyst cavity had almost disappeared. 


phasize that the treatment of the neoplastic variety of liver 
cysts is a complete excision, preferably by a standard liver 
resection. Although neoplastic liver cysts are a rare entity,’ 
it is very important to rule out the possibility of a neo- 
plastic liver cyst by preoperative US and CT examinations 
complemented by fine-needle biopsy using US or CT 
guide and, if necessary, before commencing alcohol 
sclerotherapy of the hepatic cyst. Negative bacteriologic 
and cytologic examinations further confirm the diagnosis 
of a nonneoplastic congenital liver cyst. In the present 
study all the precautions were taken. 

There were no deaths in the present series, nor any 
major complications such as hemorrhage, infection, 
pneumothorax, or arteriovenous fistula. Minor compli- 
cations occurred frequently, as reported previously.” Blood 
alcohol content was elevated in every patient after the 
procedure and for this reason it was considered necessary 
to observe the patients overnight, although it has been 
suggested that the procedure can be performed on an out- 
patient basis.° 

According to Bean and Rodan,” larger cysts require 
more than one alcohol injection at the same sitting. In 
this series the smaller cysts were treated two times with 
alcohol instillation at the same sitting and the larger cysts 
were treated three times. At first we thought that larger 
cysts would need to be treated twice at 1- or 2-month 


intervals, but this proved to be unnecessary. We treated 
our largest cyst, volume 8100, only once, with excellent 
results. The larger cysts decreased in size progressively 
after an initial temporary recollection of fluid during the 
first 2 months after sclerotherapy. At the same time a 
dense network of adhesions began to develop between the 
cyst walls in some large cysts. During the follow-up period 
the adhesions became thicker and the cyst cavity contin- 
ued to decrease in size for at least 2 years. In three cases 
smaller solitary cysts disappeared completely during the 
first year. 

Bean and Rodan? suggest that it is ideal to treat cysts 
with 25% replacement volume of 95% alcohol, whereas 
Trinkl et al. used only 5 to 10 ml of 95% alcohol for 
sclerotherapy. Although the volume of alcohol used in 
the present series was related to the size of the cyst, we 
never used more than 100 ml of absolute 99% ethanol 
per injection. It was for this reason that the alcohol treat- 
ment of the large cysts was repeated three times at the 
same sitting. It is very important to roll the patient from 
side to side into various positions at intervals of a few 
minutes so that the alcohol comes into contact with all 
surfaces of the cyst cavity. We aspirated alcohol 20 min- 
utes later, as suggested by Bean and Rodan.° : 

Trinkl and coworkers® instilled 5 ml of 95% alcohol 
into the cyst in their case and recovered it ten minutes 
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FIG. 2. (Continued ) 


later. Recurrence of the cyst 5 months later indicated an 
inadequate sclerosing effect due to either insufficient al- 
cohol or insufficient contact time of alcohol with the cyst 
epithelium or a combination of both factors. The cyst 
recurrence was successfully treated with instillation of 10 
ml of 95% alcohol for ten minutes. The authors conclude 
that TO ml of 95% alcohol and a contact time of 10 minutes 


may be sufficient.” They further recommend aspirating 
the cyst fluid at once instead of slowly draining large cysts 
over a 24-hour period, as was done in the present study 
and in that of Bean and Rodan.° According to our own 
experience and that of Bean and Rodan,° we recommend 
a larger amount of alcohol for instillation (20 to 100 ml, 
depending on the size of the cyst) and a longer contact 
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time, about 20 minutes. However, further randomized 
trials are required to determine the optimal amount of 
alcohol and the ideal contact time. Whether 99% alcohol 


has any advantage over 95% alcohol used by the other 
authors remains to be seen.” Absolute alcohol possesses 
a more powerful sclerosing effect on the cyst epithelium 
but it is also more toxic. In the present study, liver function 
tests after the procedure, however, were normal. A 24- 
hour drainage time for emptying large cysts may not be 
necessary but we feel that a certain caution is warranted 
aspirating them. 

The pain experienced by five of the eight patients during 
the alcohol injection was probably caused by extravasation 
of a small amount of alcohol into the peritoneal cavity.° 
In only one patient was the pain severe enough to require 
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FIG. 2. (Continued ) 


cessation of alcohol injection, while in the other four cases 
the procedure could be completed without any compli- 
cation in spite of mild discomfort. Therefore mild pain 
is not considered to be an indication for aborting the 
treatment. 

All patients were followed up for at least 1 year without 
any signs of recurrence, and all of them were asymptom- 
atic during their last follow-up visit. Cysts have been 
shown to recur within 2 years in all cases after percuta- 
neous aspiration alone.° 

Our results indicate that percutaneous aspiration and 
temporary instillation of alcohol is a feasible alternative 
to surgical intervention in patients with symptomatic 
nonneoplastic congenital hepatic cysts. Alcohol sclero- 
therapy provides a definitive cure. High surgical risk is 
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Fic. 3. Long-term results in three patients followed for more than 2 years. Two patients were treated twice, one (.....) at [-month intervals and the 
other (-—) at 2-month intervals. + denotes the second sclerotherapy. The latter patient underwent simultaneous percutaneous aspiration and alcohol 


sclerotherapy for three hepatic cysts. 


not a contraindication for the procedure. On the contrary, 
we recommend alcohol sclerotherapy as the treatment of 
choice for patients with a high surgical risk or polycystic 
liver disease. 
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The Management of Patients with Suspected Early 
Postoperative Small Bowel Obstruction 





JACK PICKLEMAN, M.D., and ROBERT M. LEE, B.A. 


A 10-year review of 101 patients sustaining an early postoperative 
small bowel obstruction within 30 days of celiotomy was carried 
out. Signs, symptoms, lab tests, and x-rays did not indicate which 
patients required operation. Twenty-three patients were operated 
on for either failure to resolve their obstruction or because it 
was feared that ischemic bowel was present. In none of these 
patients, nor the 78 patients who resolved without reoperation, 
did dead bowel occur. Early postoperative small bowel obstruc- 
tion was most often due to adhesions and inflammatory processes. 
Seven patients died (6.9%), three in the operated and four in the 
nonoperated group. Because ischemic bowel is very unlikely in 
patients with early postoperative small bowel obstruction, we 
advise 10 to 14 days of nasogastric suction initially; after this, 
improvement is unlikely without reoperation. 


`Y 


HE MANAGEMENT OF PATIENTS with early post- 
operative small bowel obstruction is controver- 


sial. Recommendations in the literature range 
from early and mandatory operations on all such patients 
to prolonged GI intubation and total parenteral nutrition. 
Opinions about the potential for bowel zangrene are also 
varied, leading to diverse management recommendations. 
Several factors contribute to this current confusion. (1) 
There are few articles that have looked specifically at early 
postoperative small bowel obstruction; most were pub- 
lished many years ago and made recommendations based 
on patients with adhesive small bowel abstruction only a 
fraction of whom had early postoperative small bowel 
obstruction. (2) The definition of early postoperative small 
bowel obstruction has varied. Some authors have insisted 
that the symptoms must occur within the first 2 postop- 
erative weeks, although others look for symptoms within 
the first 6 weeks. In some series the diaznosis was purely 
clinical, while other series included patients only if they 
had abnormal abdominal x-rays. Still other series consid- 
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ered only those postoperative patients who required re- 
operation, the assumption being that all other patients 
had ileus. (3) The diagnosis of small bowel obstruction is 
often difficult in the postoperative patient in whom dis- 
tention, obstipation, abdominal pain, vomiting, and al- 
tered bowel sounds may be the result of ileus. The purpose 
of the present study was to review a large series of patients 
with early postoperative small bowel obstruction in an 
attempt to formulate treatment guidelines. 


Materials and Methods 


A review of the charts of all patients sustaining early 
postoperative small bowel obstruction at the Loyola Uni- 
versity Medical Center during a 10-year period ending in 
July 1987 was carried out. Patients were judged to have 
early postoperative small bowel obstruction if: (1) signs 
and symptoms of small bowel obstruction occurred any- 
time within 30 days after operation and lasted seven or 
more days; or (2) if symptoms of small bowel obstruction 
of any duration occurred seven to 30 days after operation. 
These criteria were selected in order to eliminate those 
patients with paralytic ileus. 


| Results 


One hundred one patients comprised the study group; 
their ages ranged from 4 to 87 years (mean, 57.5 years); 
53 patients were male, 48 female. Disregarding the 1m- 
mediate precipitating operation, 65 of 101 patients had 
undergone one or more prior celiotomies (Table 1). 
Twenty-six of 101 patients had a prior history of small 
bowel obstruction, 22 of whom had required operation 
for this problem. l 
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TABLE 1. Prior Celiotomies, Excluding Current Operation 


Number of Operations Number of Patients 
0 36 
I 33 
2 18 
3 11 
>3 3 
Fotal 101 


Table 2 lists the current operations followed by early 
postoperative small bowel obstruction. Colectomy, en- 
terectomy, and exploratory laparotomy comprised the 
majority of operations; small bowel obstruction compli- 


cated gynecologic procedures in only seven patients. Op- - 


erations above the transverse mesocolon were uncom- 
monly followed by early postoperative small bowel ob- 
struction. 

The time of onset of obstructive symptoms varied and 
is shown in Table 3. The average day of onset of symptoms 
of the 62 patients with early postoperative small bowel 
obstruction in the first week was 4.3 days. Ninety-one 
patients were treated with NG suction, and ten were 
treated with a long intestinal tube, which reflected more 
the bias of the attending surgeon than any difference in 
the patient groups. Neither tube appeared to be advan- 
tageous over the other in resolving the obstruction. 

Signs, symptoms, and laboratory data are displayed in 
Table 4. When these were compared among patients who 
recovered without operation and those who were reoper- 
ated on, no significant differences were noted. Abdominal 
x-rays (four views) were performed in 95 patients, but in 
only 69 (73%) were these diagnostic of small bowel ob- 
struction; 26 patients had norma! or nonspecific radiologic 
findings. Fifteen of 101 patients underwent a barium 
enema, and in only five (33%) was an obstruction noted. 
In 23 of 32 patients (72%) in whom an upper GI with 
small bowel follow through was performed, a definite 
point of obstruction was identified. Twenty-three patients 
were reoperated on, either because of failure to improve 


TABLE 2. Current Operations Preceding Early Postoperative 
Small Bowel Obstruction 


Operation Number of Patients 
Colectomy 20 
Exploratory laparotomy 20 
Enterectomy 14 
Hysterectomy 7 
Abdominoperineal resection 5 
Abdominal aneurysmectomy 4 
Appendectomy 4 
Gholecystectomy 3 
Miscellaneous 24 . 
Total 101 


SMALL BOWEL OBSTRUCTION 


217 


TABLE 3. Time of Onset of Small Bowel Obstruction Symptoms 


Postoperative Week Number of Patients 


l 62 
2 28 
3 5 
4 6 
Total 10i 


or because of a clinical suspicion. of impending bowel 
ischemia. Reoperation was required an average of 7.7 days 
after nasogastric or long-tube suction. None of these 23 
patients had ischemic bowel at reoperation, nor did any 
require a bowel resection. Following reoperation, these 
23 patients required an average of 5.1 days of nasogastric 
suction (range, 2 to 16 days). The operative findings in 
these 23 patients are shown in Table 5. Seventy-eight pa- 
tients were successfully managed without operation, av- 
eraging 6.3 days (range, 1 to 17 days) of gastric suction 
(Table 6). All but three of these 78 patients resolved their 
obstruction within 14 days; these three patients resolved 
after 17 days of suction. No patient in either the operated 
or nonoperated groups sustained bowel infarction. During 
the 10 years covered by this study, 17 of 101 patients 
returned to this hospital with a subsequent small bowel 
obstruction; 3 of these 17 patients required celiotomy. 

Seven patients in this series died, three in the operated 
group and four in the nonoperated group; in no case was 
death attributable to bowel infarction or intra-abdominal 
sepsis. 


Discussion 


Significant controversy surrounds the management of 
patients with postoperative abdominal distention and 
vomiting. This is unfortunate because the condition is 
common and associated with significant morbidity. The 
present series is the largest in the literature attempting to 
formulate guidelines for the treatment of these patients. 
The first problem one confronts in this regard is a defi- 
nitional one, as many postoperative patients will manifest 
symptoms of ileus, and these may be indistinguishable 
from those of obstruction. This differentiation is rendered 


TABLE 4. Clinical Data in Patients with Early Postoperative 
Small Bowel Obstruction 


Symptoms and Signs 


Nausea and vomiting 84/101 (82%) 
Distention 78/101 (76%) 
Pain 78/101 (76%) 
Average maximum temperature 37.7C 

Average maximum white blood cell count 13,200/cu.mm., 
Average maximum amylase 83 IU (nl. 10-85) 
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TABLE 5. Findings at Reoperation 


Operative Findings Number of Patients 
Multiple obstructive bands l 
Single obstructive band 

Phlegmon 

Abscess 

Intussusception 


Total 23 


peni bt oe] Ly t 


more difficult because of the presence of incisional pain 
and analgesic administration and the observation that pa- 
tients with either condition may pass small amounts of 
flatus and stool. To circumvent this, various authors have 
suggested differing definitions of early postoperative small 
bowel obstruction. Stewart insisted on a temporary return 
of bowel function followed by distention and obstipation 
within 4 weeks of celiotomy, and subsequent verification 
at operation.! This approach obviously rules out most 
patients with ileus and partial small bowel obstruction 
and clearly underestimates the incidence of the problem. 


Quatromoni’ insisted that the onset of symptoms must ` 


be within 30 days of operation with confirmation by ab- 
dominal x-rays. However, in this series, 12% of patients 
had x-rays that failed to diagnose the obstruction. 

The real clinical problem, however, involves the patient 
who manifests distention, nausea, and obstipation in the 
early postoperative period; such a patient may have ileus, 
partial small bowel obstruction, or complete small bowel 
obstruction, but the distinction is an artificial one because 
all of these patients will be treated identically with a period 
of nasogastric or intestinal suction. In the present series 
we relied on these clinical findings only: (1) patients with 
signs and symptoms of obstruction occurring any time 
within 30 days after operation and lasting seven or more 
days; (2) patients with signs and symptoms of obstruction 
occurring from seven to 30 days after operation and lasting 
any number of days. While it is possible that some of our 
patients who ultimately recovered without operation ac- 
tually had ileus, we think this is unlikely given these def- 
initional constraints. 

Because of the difficulty in defining early postoperative 
small bowel obstruction, incidence and etiology figures 
in the literature are suspicious. Several trends appear, 


TABLE 6. Time to Resolution in 78 Patients 
Treated Without Operation 


Days Number of Patients 
1-7 55 (70%) 
8~14 20 (26%) 
14-17 3 (4%) 
Total 78 (100%) 
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however. First, early postoperative small bowel obstruc- 
tion following biliary tract procedures is uncommon, 
probably because all dissection is carried out cephalad to 
the transverse colon and mesocolon. Second, the highest 
incidence appears to be in those patients undergoing colon 
or small bowel resections. Third, patients undergoing 
emergency operations, especially in the presence of peri- 
tonitis or trauma involving the intestines, seem to have a 
higher risk.’ In the present series, nearly two thirds of 
patients had undergone one or more prior operations and 
26 of 101 patients had sustained a prior small bowel ob- 
siruction; 22 of these 26 patients required operation. 
Assuming that most patients who recovered without 
operation in the present and previously published series 
had adhesions as the cause of their small bowel obstruc- 
tion, more than 90% of patients with early postoperative 
small bowel obstruction suffer from an adhesive obstruc- 
tion. In the present series, therefore, 92 of 101 patients 
(91%) had adhesions as their primary etiology (78 non- 
operated patients and 14 with adhesive obstruction proved 
at operation). This is supported by at least one other series 
of patients treated operatively in which 92% had adhesions 
causing the obstruction.’ Several other potential causes 
exist, however, and are more likely to require reoperation. 
Phlegmon and abscess (8 of 101 patients or 8% in the 
present series) and intussusception must also be consid- 
ered.' In addition, in those patients who have undergone 
a proctectomy, herniation of small bowel through defects 
in the pelvic floor may occur. In one such series, 5 of 13 
patients with early postoperative small bowel obstruction 
following abdominoperineal resection had such a com- 


_ plication with the other eight patients having an adhesive 


obstruction.’ 

The diagnosis of early postoperative small bowel ob- 
struction must rely on the clinical findings supplemented 
by information gained from abdominal x-rays. Although 
some have argued for use of an upper GI study with follow- 
through views,* others have found this less useful. In one 
series, 13 of 34 patients who ultimately required operation 
had passage of barium through the site of obstruction into 
the colon®; in another series, this occurred in three of 11 
patients.” In the present series, four views of the abdomen 
were interpreted by the radiologist as diagnostic of ob- 
struction in only 73% of patients (69 of 95), while upper 
GI x-rays suggested ileus rather than obstruction in 28% 
of patients (9 of 32) in whom this study was carried out. 
On the basis of this experience, we do not advocate the 
routine performance of upper GI x-rays in patients sus- 
pected of having early postoperative small bowel obstruc- 
tion. $ 

In the management of postoperative patients with sus- 
pected early postoperative small bowel obstructión, all 
authorities agree that some form of gastric or intestinal 
suction is required. Significant disagreement exists, how- 
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ever, regarding the merits of each type of tube. In one 
series, 41 patients were treated by a long intestinal tube 
and 73% (30 of 41) did not require operation, whereas 
27% (11 of 41) did not; two patients initially treated by a 
nasogastric tube, however, had successful nonoperative 


management once a long tube was inserted.* Other au- ` 


thorities have found no difference in outcome using a 
nasogastric or long-tube suction,° or no benefit using the 
long tube and a tendency towards prolongation of medical 
treatment and operative delay with increased morbidity 
in certain instances.*’~ In the present series, four of ten 
patients treated with a long intestinal tube did not require 
operation, whereas 74 of 91 patients treated with a na- 
sogastric tube did not require operation. Although these 
patients may not be comparable because some attending 
physicians tended to use a long tube for the cases about 
which they were most concerned, we were unable to dem- 
onstrate any definitive advantage using long-tube suction 
in this series and would therefore not recommend it. 

One of the most important issues involving the patient 
with suspected early postoperative small bowel obstruction 
is the risk of bowel ischemia resulting from the obstruc- 
tion. Many authors have noted the unreliability of clinical 
signs and laboratory tests in the diagnosis of bowel isch- 
emia,”!° and therefore if nonoperative management of 
early postoperative small bowel obstruction is elected, it 
must be with some assurance that bowel gangrene is un- 
likely to occur. The present series had no such compli- 
cation in 101 patients; likewise at least one other series 
had no patients with ischemic bowel of the 22 patients 
studied.'! Only one series has noted a significant incidence, 
3 of 26 patients (12%), !? so the weight of evidence indicates 
that ischemia is unlikely in cal postoperative small bowel 
obstruction. 

In the present series 23 of 101 patients underwent re- 
operation, either because of the concern of evolving bowel 
gangrene or for failure of the obstruction to resolve. Other 
series note that from 27% to 57% of patients ultimately 
require reoperation?**!!; 
compare, however, pegels of differing definitions of ob- 
struction and differing biases of the authors. We suspect 
that the number of patients requiring operation is in the 
lower end of the range noted above, and that the rec- 
ommendations for early operation noted in series dealing 


- with patients with an adhesive small bowel obstruction 


remote from the time of operation are not applicable to 
those patients with early postoperative small bowel ob- 
struction. 


; these figures are difficult to - 
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As seen in Table 6, 55 of 78 patients (70%) who resolved 
without operation did so within the first week; 20 of 78 
patients (26%) resolved within the second week, and three 
patients (4%) resolved during the third week, in each in- 
stance on the 17th day. This 96% incidence of resolution 
within 2 weeks is similar to the 86% resolution rate noted 
in one other series,” although these authors also noted 4 
of 30 patients who recovered in 15 to 28 days. 

Seven patients in the present series died (6.9%), a sta- 
tistic that is within the 2.4%-to-17.8% range noted in the 
literature.'*'* None of the patients in this series had ev- 
idence of bowel gangrene, either clinically or at autopsy, 
if this was performed. 

On the basis of this experience, we propose that non- 
operative management should be tried in every patient 
with suspected early postoperative small bowel obstruction 
unless clear signs of bowel ischemia are present. A na- 
sogastric tube will provide adequate decompression, and 
total parenteral nutrition should be instituted. If the pa- 
tient remains stable, this treatment should be continued 
for up to 2 weeks; after this time, further improvement is 
unlikely and operation should be performed unless there 
are clinical or radiologic signs of relenting obstruction. 
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Emergency Subtotal Colectomy 
A New. Trend jor Treatment of Obstructing Carcinoma of the Left Colon 





‘A. HALEVY, M.D., J. LEVI, M.D., and R. ORDA, M.D., M.S. 


During a 5-year period, 22 patients with obstructing carcinoma 
of the left colon were operated on in our department. All patients 
underwent emergency subtotal colectomy with primary ileoco- 
lonic or ileorectal anastomosis. The quality of life for patients 
undergoing subtotal colectomy is excellent. All patients enjoy an 
almost normal diet and those with an ileorectal anastomosis sta- 
bilize on two to three bowel movements per day. During a follow- 
up period of 65 months, four patients died from spread of their 
primary disease while two other patients died of unrelated causes. 
Sixteen patients are alive and free-of disease. We consider sub- 


total colectomy the procedure of choice for patients with ob- 


structing carcinonia of the left colon. 


OE CARCINOMA OF THE COLON has a 

grave prognostic that is significant for two rea- 

sons: (1) the patients usually present when the 
disease is at an advanced stage; and (2) the morbidity and 
mortality rates for these patients when they undergo any 
type of surgery are high. Nothing can be done, when a 
patient has advanced disease, but by reducing the com- 
plication and mortality rates, the overall results can be 
ameliorated. Different surgical approaches have been de- 
scribed for the treatment of patients with obstructing car- 
cinoma of the left colon and these vary from the classical 
three-stage approach (decompressive colostomy, resection 
of tumor, and colostomy closure) to the less classical two- 
stage approach (decompressive colostomy followed by tu- 
mor resection and colostomy closure at the same stage), 
a Hartman’s type resection, resection and primary colo- 
colonic anastomosis,’~'* resection following intra-opera- 
tive colonic irrigation, ”'> !4 a Mikulicz type of resection 
with subsequent colostomy closure,*!*'® cecostomy de- 
compression followed by resection,'?""” or to the most ag- 
gressive one-stage emergency subtotal colectomy and pri- 
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mary anastomosis, a technique that is gaining popu- 
larity, 1018-233 

Because 9% to 27% (overall rate, 15%) of patients with 
colonic cancer present-with obstruction,'’*?**° a change 
in the surgical approach might change'the prognosis for 
a wide population of patients. 

Following a preliminary evaluation of emergency sub- 
total colectomy,”! we conducted a study aimed at learning 


‘the morbidity and mortality rates of such a procedure and 


the quality of life of patients with ileosigmoid or ileorectal 
anastomosis. 


Materials and Methods 


During a 5-year period, 22 patients with obstructing 
carcinoma of the left colon were operated on in our de- 
partment. There were 14 men and eight women whose 
ages ranged from 39 to 80 years (mean, 66.9 + 10,82 
years). The tumor was located in the sigmoid colon in 11 
patients, in the splenic flexure in 6 patients, at the rec- 
tosigmoid junction in 2 patients, in the transverse colon 
in 2 patients, and in the descending colon in 1 patient 
(Tabie 1). 

Patients were.prepared for surgery dai within 12 
hours of admission.by I.V. hydration, and correction of 
electrolyte and acid-base balances and glucose and Hb 
levels. Preoperative antibiotics were administered, usually 
a combination of gentamicin 80 mg and 600 mg clinda- 
mycin, ọr 80 mg gentamicin and 500 mg of metronida- 
zole. Antibiotics were stopped 48 hours after surgery, ex- 
cept for cases in which contamination occurred during’ 
surgery. The stomach was decompressed by a nasogastric 
tube. The distal part of the colon was irrigated Before 
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TABLE 1. Clinical Data on the 22 Patients Undergoing 
Emergency Subtotal Colectomy 


Number 


of Patients . 


Total number of patients 
Age (years) 


22 (14 men, 8 women) 
39-80 (mean age 

66.9 + 10.82 years) 
Sigmoid colon 
Splenic flexure 
Rectosigmoid junction 
Transverse colon 
Descending colon 
Staging* B: 


e 


LA ON ON LA m N N D m 


Location of tumor 


* Modified (Australian) Dukes Classification of colorectal carcinoma 


(26). 


operation with Bethadine (Povidone iodine, Rafa, Israel) 
solution. No attempt was made to overcome the obstruc- 
tion and decompress the distended colon before surgery. 
In cases of extremely distended colon, operative de- 
compression through the terminal ileum using a large tube 
was performed. The segment of the terminal ileum 
through which the decompression was performed was in- 
cluded in the resected specimen. 

Ten patients underwent subtotal colectomy and ileo- 
sigmoidostomy, another ten patients underwent total col- 
ectomy and ileorectal anastomosis, and two patients un- 
derwent subtotal colectomy and anastomosis of the ileum 
to the descending colon (Table 2). The anastomosis, end 
to end in most cases, was constricted in two layers. 

For staging we used the modified (Australian) Dukes’ 
classification of colorectal carcinoma;*° 6 patients were 
classified as C;, 6 as Cy, 5 as B, 5 as D (Table 1). 

After the first bowel movement, patients were main- 


tained on a fluid diet. Drugs to control diarrhea were used 


only when necessary. A combination of codeine phosphate 
and Imodium (Loperamide Hydrochloride 2 mg, Abic, 
Israel) were used to control diarrhea whenever necessary. 

‘The patients were followed up at the outpatient clinic 
and at the Oncology Institute. The use of adjuvant therapy 
accounted for the age of the patient, his or her general 
status, and the tumor stage. Periodic blood test, CEA lev- 
els, U.S. of liver, chest x-rays, and abdominal C.T. were 
performed to assess tumor control. 

Since the preparation of this report, a further three pa- 
tients underwent emergency subtotal colectomy with il- 
eosigmoid or ileorectal anastomosis. 


. Results 


Mean operative time was 203.86 + 57.68 minutes. The 
duratién of hospital stay was 26 days. Five patients de- 
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TABLE 2. Clinical Data on the Operations Performed, Operative Time, 
Duration of Hospital Stay, and Operative Mortality Rate 


Number 
of Patients 
Type of Operation Subtotal colectomy 2 

+ Ileodescending colon 

anostomosis 
Subtotal colectomy 10 

+ Teosigmoidostomy 
Total colectomy 10 


+ Hleorectostomy 
Duration of Operative 203.86 + 57.65 minutes 
Time 
Duration of Hospital 
Stay 


Perioperative Mortality 


26.41 + 15.25 days 


1 of 22 patients = 4.5% i 


veloped minor complications (atelectasis, cardiac arryth- 
mia, pleural effusion, and wound infection), while three 
patients developed major complications (Table 3). One 
of the 22 patients died during operation, resulting in an 
operative mortality rate of 4.5%. One patient developed 
a leak from the ileorectal anastomosis that required mul- 
tiple operations and prolonged periods of TPN; this was 
the only patient with a prolonged period of hospitalization. 

Two patients presented with obstructing perforated 
carcinoma of the colon (both at the transverse colon near 
the splenic flexure). These patients underwent extensive 
resectional procedures. The first patient had a concomi- 
tant partial gastrectomy, splenectomy, distal pancreatec- 
tomy and partial resection: of the diaphragm. The post- 
operative course for this patient was complicated by gas- 
trointestinal bleeding and a subphrenic abscess that 
necessitated a reoperation to control bleeding. The patient 
died 12 months after the operation from disseminated 
disease. The second patient underwent concomitant par- 
tial gastrectomy, splenectomy distal pancreatectomy, 
massive small bowel resection, and a wedge resection of 
a liver metastasis. This patient developed a low-output 


TABLE 3. Complications 


Number of 

Type of Complication Patients 
Minor Complications 

Atelectasis 

Pleural effusion 

Wound infection 

Cardiac arrythmias 
Major Complications 

G.I. bleeding and subphrenic abscess (reoperation) 

Leak from the ileorectal anastomosis (reoperation) 

Pancreatic (low-output) fistula 
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-pancreatic fistula that healed after TPN administration. 
As has already been mentioned, two patients in the series 
required reoperation. 

The follow-up period ranged from 10 to 65 months. 
During this time, four patients died due to metastatic dis- 
ease 10, 11, 12, and 13 months after the primary opera- 
- tion. Two patients died of unrelated problems during the 
. follow-up period, and 16 patients are alive and free of 
disease as of this writing, 12 to 65 months after surgery. 

The majority of patients enjoy a normal! diet following 
surgery, without any aid of antidiarrheal drugs. Patients 
who had an ileorectal anastomosis stabilized on two to 
three bowel movements per day, while those who had 
their ileum anastomosed to the descending colon or sig- 


moid colon experienced one to two bowel movements — 


per day. Sporadic and temporary use of antidiarrheal drugs 
was necessary in few patients. All patients returned to 
their preoperative weight within a short period of time. 
None of our patients, even the elderly ones, complained 
of incontinence or soiling. 


Discussion 


Encouraged by our preliminary and by other reports, 
we now perform, in almost all patients with obstructing 
carcinoma of the left colon, the one-stage emergency sub- 
total colectomy. | 

Although a major procedure, the postoperative course 
of these patients is usually quite smooth. Goligher”’ stated 
that subtotal colectomy is a major undertaking and there- 
fore should be performed only by experienced surgeons; 
as for the patients, they usually have an uneventful post- 
operative course. l 

Our patient population is similar to other series of pa- 
tients with obstructing colonic cancer. The mean hospital 
stay for patients undergoing one-stage subtotal colectomy 
ranged from as low as 8.4 days in Klatt’s series”? to 18 
days in Deutsch’s series'® and 26 days in our series. These 
figures are significantly less than the figures quoted for 
patients undergoing the three-stage approach operation 
in which the average ‘hospital stay was almost twice as 
long.>228 

Eight of 22 patients who underwent subtotal colectomy 
with primary anastomosis had some complications after 
operation. In five patients there were negligible compli- 
cations, while in the other three patients major compli- 
cations arose. It is interesting to note that two of the major 


complications developed in the two patients who under- | 


went extensive multiorgan resections for obstructing per- 
forated carcinoma. However, the rate is significantly lower 


than the accumulated complication rate encountered in , 


the three-stage approach.*°° 
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The mortality rate in other series performing one-stage 
subtotal colectomy ranges from 0% to 17%.'%!®?3 The 
mortality figures for the three-stage approach operation 
are high.*>’ It is interesting to note that the mortality rate 
for colostomy closure alone-approximates 4.2%. 

The quality of life of patients undergoing subtotal col- 
ectomy is excellent. The first few days after surgery are 
characterized by multiple episodes of diarrhea that are 
easily controlled by medications. Within 2 or 3 weeks the 
patients stabilize on one to three bowel movements per 
day. Patients enjoy an almost normal diet with no restric- 


‘tions. Similar excellent results following subtotal colec- 


tomy and ileosigmoid or ileorectal anastomosis have been 
reported by others. 18702223 

The follow-up period is still too short to enable us to 
draw any conclusions regarding long-term survival. 

One technical aspect deserves special attention and this 
regards those patients with an extremely dilated colon in 
which decompression during the operation is required. 
This can be done by the insertion of a large tube through 
the terminal ileum and resecting, en bloc, this segment 
with the whole colon. | 

Based on the low mortality rate and the good quality 
of life, we believe that subtotal colectomy should be con- 
sidered the treatment of choice for patients with obstruct- 


‘Ing carcinoma of the left colon. 
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Immunohistochemical Assessment of Estrogen and 
Progesterone Receptors in Stored Imprints and 
Cryostat Sections of Breast Carcinomas 
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A peroxidase—-antiperoxidase technique was used to visualize 
estrogen and progesterone receptors in stored imprints and cryo- 
stat sections of breast carcinomas that were prepared at the time 
of biopsy or frozen section diagnosis. This was done to provide 
an alternate technique for the assessment of the receptor status 
of tumors that could not be adequately assaved with other bio- 
chemical or immunocytological methods. Fixation in Zamboni’s 
fixative followed by passage through cold methanol and acetone 
before storage at —80 C insured good preservation of the receptor 
proteins over extended periods of time (up to 56 weeks). Im- 
munostaining of these stored preparations with monoclonal an- 
tibodies against estrogen receptor (H222) and progesterone re- 
ceptor (JZB39 and KD68) showed a high degree of correspon- 
dence with immunocytochemical assays (ER-ICA and PR-ICA) 
and biochemical analysis. This technique is easy to perform and 
provides reliable information, even in tumors that are too small 
and/or ill defined to permit separate sampling for receptor assays. 


terone (PR) receptors in breast cancers 1s usually 

made using steroid-binding assays on tissue ho- 
mogenates or by immunohistochemistry on frozen tis- 
sue.!~° Both of these techniques necessitate the processing 
-of a portion of tissue separate from that required for his- 
tologic examination. In recent years, however, especially 
as a result of refinements in mammography, the number 
of clinically unapparent breast carcinomas coming to bi- 
opsy has rapidly increased. Under these circumstances, it 
may be undesirable or even impossible to submit a portion 
of the biopsy specimen for the determination of ER and 
PR without jeopardizing the histologic diagnosis. Fur- 
thermore, in the case of nonpalpable or ill-defined lesions 
it is not possible to obtain samples for immunocytochem- 
istry using fine-needle aspiration. Demonstration of ER 
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and PR in paraffin sections is feasible," but it is hindered 
by several limitations. '” 

Therefore we have tried to circumvent this problem by 
using imprints from the cut surface of specimens and 
cryostat sections from the tissue used for intraoperative 
frozen section diagnosis. To test the validity of this meth- 
odology, we have first applied it to tumors for which tissue 
was also available for steroid binding assays and/or for 
conventional immunocytochemical staining of frozen 
specimens. The results of this study are described below 
and indicate that when optimal preservation of the re- 
ceptor proteins is ensured, this material can be effectively 
immunostained and provide valid information on the re- 
ceptor status of a tumor without interfering with the his- 
topathologic diagnostic study. 


Materials and Methods 
Collection of Specimens 


Fresh specimens from 47 infiltrating ductal carcinomas 
of various degrees of differentiation were collected at the 
time of intraoperative frozen section diagnosis. Within a 
few minutes of excision, the tumor was bisected and im- 
prints were made from the cut surface. To achieve better 
adherence of the cells, imprints were placed on the frosted 
end of cold slides (—10 to —20 C) that had been coated 
twice with 1.0 to 1.5 ug/ml of poly-L-lysine hydrobromide 
(molecular weight, 30,000-70,000; Sigma Chemicat Co., 
St. Louis, MO). Cryostat sections (5 to 8 u) were attached 
to slides treated with poly-L-lysine as suggested for the 
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ER-ICA technique. Without delay, to avoid any drying, 
imprints and cryostat sections were fixed in cold Zam- 
boni’s fixative,'* pH 7.3, for 30 minutes at 4 C. In some 


eases additional frozen sections were fixed in 3.7% buffered 


formaldehyde for ten minutes at room temperature. Fol- 
lowing two rinses in cold PBS, the slides were placed in 
cold methanol (—20 C) for three minutes and then in cold 
acetone (—20 C) for one minute. In addition, 26 of these 


cases were subsequently immersed for ten minutes in 6%. 


polyethylene glycol (molecular weight, 8,000; Sigma 
Chemical Co., St. Louis, MO). All slides were then quickly 
placed in plastic containers and stored at —80 C. Multiple 
imprints and cryostat sections were prepared from each 
specimen to be stained after short (1 to 2 days) and pro- 
longed (2 to 56 weeks) storage. 


Antibodies 


Monoclonal antibody H222% was used for the im- 
munostaining of ER as supplied with Abbott’s ER-ICA 
Monoclonal kit (5-15 ug/ml) (Abbot Laboratories, North 
Chicago, IL). For PR, monoclonal antibody JZB39 (2) 
was used at concentrations of 1.0, 2.5, and 5.0 ug/ml. In 
some cases, KD68 (10) (0.5 ug/ml) was also used. 


Immunostaining 


On removal from storage at —80 C, the slides with 1m- 
prints or frozen sections were first placed in PBS at 4 C 
for five minutes and subsequently in 2 PBS rinses at room 
temperature for five minutes each. The imprints were then 


‘placed in H20; (3.5% in PBS for five minutes) to quench 
endogenous peroxidase activity of erythrocytes. This step. 


was not necessary for cryostat sections. 
The peroxidase—-antiperoxidase (PAP) technique, with 
minor variations from that suggested for the ER-ICA kit, 


` was used to stain both imprints and frozen sections. For 


PR staining the same kit was used, replacing the primary 
antibody with JZB39 or KD68 (PR-ICA). All incubations 
were carried out in a humidified chamber at room tem- 
perature following this procedure: (1) Following the PBS 
rinses, the specimens were incudated with blocking reagent 
(normal goat serum) for 15 minutes. (2) After draining 
the blocking reagent, the incubation with primary anti- 
bodies was carried out for 45 minutes. Sister imprints or 
cryostat sections were incubated at the same time with 
control antibody (normal rat immunoglobulin). (3) Slides 
were washed in two PBS rinses for five minutes each and 
then were incubated with bridging (goat antirat) antibody 
for 45 minutes. This was followed by rinsing in PBS and 
incubation with PAP complex for 45 minutes. (4) Di- 
aminobenzidine-4HCl was used as chromogen. (5) Slides 
were’tightly counterstained with methylene blue, dehy- 
drated, and mounted in Permount (Fisher Scientific, 
Springfield, NJ). 


ESTROGEN AND PROGESTERONE RECEPTORS 


225. 


Controls 


Control slides of MCF-7 cells provided with the ER- 
ICA Kit were used as positive controls. The different lots 
of MCF-7 slides were preliminarily tested to determine 
their suitability for PR immunostaining. 

The immunoreactivity for ER and PR of the stored 
imprints and cryostat sections was compared with: (1) 
immunohistochemical staining for ER and PR on tissue 
samples from the same tumors frozen at —80 C and pro- 
cessed with the conventional ER-ICA (and PR-ICA) tech- 
nique; and (2) the quantitative steroid-binding determi- 
nation of ER and PR using the Dextran-coated charcoal 
assay (DCC). Tissue for this assay was available in 34 
cases and was processed in another laboratory. 


Evaluation of Results 


Positive cases were evaluated for intensity of staining 
(1, light; 2, intermediate; 3, intense) and number of pos- 
itive cells (A, less than one third; B, between one third 
and two thirds; C, more than two thirds). A semiquanti- 
tative assessment was then expressed by combining these 
scores in the following manner: weak (1A, 2A, 3A); mod- 
erate (1B, 2B, 1C); strong (3B, 2C, 3C). 

Statistical significance was checked using the x? tests 
of independence with Yates’s correction for continuity 
and one degree of freedom. 


Results and Discussicn 


Fixation in Zambonv’s solution before freezing at —80 
C was the most effective method for the preservation of 
the immunoreactivity of the receptor proteins. Indeed, 
prolonged storage (up to 56 weeks) at —80 C had no ap- 
parent deleterious effect on the immunoreactivity of 1m- 
prints and cryostat sections fixed promptly and prepared 
for storage as indicated above. In an attempt to further 
improve preservation of the receptor proteins, imprints 
and cryostat sections of 26 cases were treated with 6% 
polyethylene glycol before storage. It was found that this 
treatment (as well as other technical modifications, in- 
cluding room temperature buffers and snap freezing with- 
out fixation) reduced the staining reactivity and were 
therefore abandoned. 

Positive immunoreactivity for ER and PR resulted in 
brown staining of the nuclei (Fig. 1). Nucleoli and cyto- 
plasm were not stained. Imprints and stored cryostat sec- 
tions displayed heterogeneous reactions due to varying 
numbers of positive nuclei and varying intensities of the 
stain. The heterogeneity was comparable to that shown 
by corresponding conventionally prepared sections stained 
with ER-ICA and PR-ICA. Frequently, heterogeneity was 
more pronounced in the PR than in the ER preparations 
of the same material. Background staining was unre- 
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Fics. 1A-F. Infiltrating ductal carcinoma in a 45-year-old woman {case 9). A strong immunoreactivity for PR, in keeping with a DCC value of 267 
fmol/mg cytosol protein, is shown in: (A) standard PR-ICA; (B) imprint stored for 27 weeks; and (C) frozen section stored for 3 weeks. In contrast, 
a moderate reaction for ER (light staining of more than two thirds of the tumor cells) is seen in: (D) standard ER-ICA; (E) imprint stored for 27 
weeks; and (F) frozen section stored for 3 weeks (DCC, 15 fmol/mg cytosol protein). 


markable, but red blood cells, which were frequently nu- 
merous in imprints, could be disturbing if endogenous 
peroxidase was not quenched. We found it useful to 
counterstain as lightly as possible in order to minimize 
color interference in cells displaying weak immunoreac- 
tivity. 

Although Zambon1’s fixative and formalin both proved 
to be adequate, the former resulted in crisper reactions. 
H222 antibody was used only at the concentration pro- 
vided with the ER-ICA kit. For PR, antibody JZB39 gave 


the best results at a concentration of 5 ug/ml. Lower con- 
centrations (1.0 and 2.5 ug/ml) were equally effective in 
PR-rich specimens, but resulted in loss of reactivity in 
some low-positive cells, which could be crucial in the 
evaluation of receptor-poor samples. Antibody KD68 (0.5 
ug/ml) provided results similar to those of JZB39 (5 ug/ 
ml) even in specimens stored for | year. 

The slides were read by CDR and LO with an*inter- 
observer reproducibility of 96.9% on the first redding. 
Slight variations in reactivity of multiple preparations 
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TABLE 1. Comparison of ER and PR Staining in Imprints and Stored Cryostat Sections with ER-ICA, PR-ICA, and DCC* 


DCC-ER Stored Cryostat 
Case fmol/mg prot. ER-ICA Imprints Sections 
| 324 S S S 
2 68 S S S 
3 67 S M/S M/S 
4 53 M 5 wW 
5 38 S M S 
6 30 S M M 
7 29 M na M 
8 19 M S W 
9 15 M M M 
10T Neg M M/S M 
11 Neg S W S 
12 Neg Neg Neg/S Neg 
13 Neg Neg Neg Neg 
14 Neg Neg Neg Neg 
15 na S S S 
16 na S 5 S 
17 na S na S 
18 na M S M 
19 na M M M/S 
20 na M M/S M 
21 na Neg Neg Neg 


* na, not available. 
+ Inadequate sampling for DCC. 
S, strong; M, moderate; W, weak; Neg, negative. Double assessments 


from five patients were observed but were not of critical 
importance as they expressed different degrees of positive 
reactions (Table 1) that appeared to be independent of 
heterogeneity or duration of storage. In case 12, however, 


the imprint stained for ER after six days of storage was 


negative while that stained after 22 weeks was strongly 
positive, and the cryostat section stained for PR after two 
days of storage was read as moderately positive, whereas 
that stained three weeks later was interpreted as negative. 
We have no explanation for the inconsistencies in this 
case, but they probably represent false-positive reactions 
in view of the negative ER-ICA, PR-ICA and DCC. 
Correspondence of ER-ICA and PR-ICA with the re- 
spective DCC values was high (92.3% for both) and sta- 


tistically significant, making ER-ICA and PR-ICA good ` 


terms of comparison for the evaluation of imprints and 
stored cryostat sections (Table 2).There was a good and 
statistically significant degree of correspondence among 
the immunohistochemical preparations and no false neg- 
atives were ascribable to thess techniques. The few in- 
stances of discordance between positive immunostaining 
and negative DCC are unclear; although in one case (10) 
the negative DCC could be attributed to the inadequate 
sampling of a highly fibrotic tumor. Indeed, in all cases, 
with the exception of case 12 already discussed above, 
there was complete concordance between the various im- 
munohistochemical reactions and only the DCC was at 
variance, which suggests the possibility that the former 
were more sensitive or that the latter was at fault. These 


DCC-PR Stored Cryostat 
fmol/mg prot. PR-ICA Imprints Sections 
82 W W W 
92 M na S 
116 M 'M M 
Neg Neg na Neg 
2493 S S S 
139 S S M/S 
134 S na S 
Neg M wW M 
267 S 5 S 
Neg M M M 
98 S M S 
Neg Neg W Neg/M 
Neg Neg Neg Neg 
Neg Neg Neg Neg 
na S S S 
na S S S 
na Neg na Neg 
na M M M 
na Neg Neg Neg 
na W M W/M 
na Neg Neg Neg 


indicate variations of immunoreactivity observed in different preparations 
of the same material. 


cases also appear to be responsible for the apparent lack 
of statistical significance in the correlation between im- 
prints stained for PR and DCC. 

In conclusion, it is evident that the assessment of ER 
and PR using stored imprints and cryostat sections of 
breast carcinomas is comparable to that obtained with 
conventional ER-ICA and PR-ICA techniques on frozen 
specimens as well as with DCC. This alternate technique 
is particularly useful in the evaluation of tumors that are 
small and require processing of the entire specimen for 


TABLE 2. Concordance Between Stored Imprints and Cryostat Sections 
Stained for ER and PR with ER-ICA, PR-ICA, and DCC 


Concordance x? Test 
(%) (P) 
ER 
Imprints vs. ER-ICA 100.0 <0.0005 
Cryostat sect. vs. ER-ICA 100.0 <0.0005 
ER-ICA ys. DCC* » 92,3 <0.05 
Imprints vs. DCC* 91.6 <0.05 
Cryostat sect. vs. DCC* 92.3 <0.05 
PR 
Imprints ys. PR-ICA 93.7 <0.01 
Cryostat sect. ys. PR-ICA 95.2 <0.0005 
PR-ICA vs. DCC* 92.3 <0.02 
Imprints vs. DCC* 80.0 >0.2 
Cryostat sect. vs. DCC* 92.3 <0.02 


* Case 10 was not included in this calculation because of erroneous 
DCC. 
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histologic diagnosis, thereby precluding separate sampling 
for receptor analysis. The frequency of such cases is in- 
creasing as more and more clinically unapparent carci- 
nomas of the breast are solely detected by mammography. 
This technique can be carried out easily and conveniently 
in any surgical pathology laboratory. In addition, imprints 
and cryostat sections can be stored for long periods of 
_time without appreciable loss of immunoreactivity. This 
makes it possible to hold them until enough cases are 
ready to be stained, thereby conserving on time and re- 
agents. In most of our cases, storage at —80 C was con- 
tinued for up to 33 weeks; however, storage can be pro- 
tracted for much longer periods of time as shown by the 
cases that were successfully stained with monoclonal an- 
tibody KD68 after | year of storage. Indeed, preservation 
of antigenic reactivity by the receptor proteins in stored 
imprints and frozen sections of human breast cancers is 
noteworthy. This is of interest because it may also provide 
valuable material for other investigative purposes. 
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Abdominal CT in Children with Neurologic 
Impairment Following Blunt Trauma 


Abdominal CT in Comatose Children 





GEORGE A. TAYLOR, M.D.,* and MARTIN R. EICHELBERGER, M.D.t 


This paper examines the role of neurologic impairment as an 
indication for CT examination of the abdomen in children after 
blunt trauma. The clinical information and abdominal CT ex- 
aminations of 482 consecutive children were reviewed prospec- 
tively for indications for abdominal CT and presence and severity 
of abdominal and chest injury. Children were divided into two 
groups determined by Glasgow Coma Scale (GCS): GCS < 8, 
and = 8. The prevalence and severity of thoracoabdominal injury 
were higher in the neurologically impaired group. These children 
had a higher frequency of abdominal injury (GCS < 8, 25 of 90 
patients (27.8%) vs. GCS > 8, 70 of 392 patients (17.8%); p 
= 0.047 by Chi square test), injury to multiple abdominal organs 
(16.7 % vs. 4.8%; p = 0.0002), chest injury (32.2% ys. 0.09%; p 
= 0.0001), and combined chest and abdominal] injury (18.9% ys. 
4.6%; p = 0.0001). In addition, the mortality rate in children 
with a GCS < 8 was significantly higher (GCS < 8, 24% ys. 
GCS = 8, 0.26%; p = 0.0001). Eleven children had a GCS < 8 
as the only indication for abdominal CT examination. All 11 
children had a normal CT of the abdomen. Every child with 
abdominal injury on CF scan had specific abdominal signs 
suggestive of underlying injury. Three neurologically impaired 
children required abdominal surgery (3.3%) vs. 14 of 369 (3.8%) 
children with a GCS = 8; p = NS). We conclude that children 
with severe neurologic impairment are at higher risk for intrab- 
dominal injury than those without coma, but that neurologic im- 
pairment without abdominal signs is a low-yield indication for 
abdominal CT examination. Abdominal CT scan should be re- 
served for children in whom there is a high clinica] index of 
suspicion of significant abdominal trauma based on physical ex- 
amination and the mechanism of injury. 


OMPUTED TOMOGRAPHY (CT) OF the abdomen 
is the preferred imaging technique for the eval- 
uation of children with blunt abdominal 
trauma.'~ It is noninvasive, widely available, and allows 
inspection of the entire abdomen and retroperitoneum in 


a setting in which multiorgan injury may be present. In- 
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dications for abdominal CT in children with abdominal 
trauma vary, but they typically include abdominal signs 
and symptoms suggestive of underlying injury such as 
tenderness, abrasions and contusions, and hematuria. This 
analysis examines the role of neurologic impairment as 
an indication for CT examination of the abdomen, and 
tests the hypothesis that children with severe neurologic 
impairment are at higher risk for intra-abdominal injury 


— than those who have little or no neurologic impairment. 


Materials and Methods 


Between January 1985, and November 1988, 515 con- 
secutive children underwent evaluation with CT after 
blunt trauma to the abdomen. This number represents 
approximately 12% ofall children evaluated by the trauma 
service for blunt abdominal injury: Complete data were 
available for review in 482 children. Three hundred and 
ten (64%) were boys and 172 were girls. The age range 
was from | month to 18 years, with an average age of 7.7 
years. The mechanism of injury included 376 motor ve- 
hicle-related injuries (78%), of which 115 were passengers, 
and 261 were pedestrians, 60 falls (12%), 24 assaults (5%), 
11 bicycle-related injuries (2%), and 8 miscellaneous in- 
juries (2%). The mechanism of injury was not known in 
three children. 

Patients were divided into two groups for purposes of 
comparison: children with severe neurologic impairment 
(GCS score < 8, n = 90), and children with little or no 
neurologic impairment (GCS score = 8, n = 369). Chil- 
dren who were clinically suspected of having injury to 
intra-abdominal organs, and who were hemodynamically 
stable after initial resuscitation were examined with ab- 
dominal CT. Indications for CT examination included 


229 















230 
Ef 40 = 
BF Il 19 ah 


Glasgow Coma Scale 


= Total number of children within each GCS category 


Fic. 1. Abdominal injury vs Glasgow Coma Scale. 


high clinical suspicion of significant abdominal trauma 
(e.g., tenderness, ecchymoses, distention, mechanism of 
injury), hematuria, dropping or low hematocrit, and neu- 
rologic impairment, such that physical examination of 
the abdomen is considered unreliable. 

During the study period, five patients underwent urgent 
‘laparotomy without CT examination because of contin- 
ued unstable vital signs in spite of adequate fluid resus- 
citation, and abdominal distention, or the presence of free 
peritoneal air on abdominal radiographs. Children with 
abdominal injuries judged to be minor were observed 
only. 

CT scans were performed on a GE 9800 CT scanner 
(General Electric, Milwaukee, Wisconsin), with 10-mm 
sections at 1-cm intervals. All children received 3cc/kg of 
iothalamate 43% (Conray Mallincrodt, Saint Louis, Mis- 
souri) by rapid intravenous infusion for contrast en- 
hancement. Gastrointestinal contrast was not used rou- 
tinely. 7 i 


Data Collection 


Trauma Score (TS), and Glasgow Coma Score (GCS) 
were recorded for the children at the time of initial as- 
sessment by the trauma team.” Demographic data, blood 
pressure at time of arrival at the CT scanner, indications 
for CT examination, and radiographic findings were re- 
corded at the time of CT examination. 

An Injury Severity Score (ISS) was computed, and the 
type of management (operative or nonoperative), overall 
hospital course, and clinical outcome were recorded at 
the time of discharge. 


Classification of Injuries by CT 


CT examinations were divided into three categories: 
normal, minor injury, and significant injury. CT findings 
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such as a small amount of peritonéal fluid, small solid- 
organ contusions, and nondisplaced pelvic ramus fractures 
were categorized as minor findings because their presence 
would not significantly influence clinical management, or 
they were visible on preliminary radiographs (nondis- 
placed pelvic fractures) and thus did not require CT for 
identification. All remaining injuries (hematoma, lacer- 
ation of a solid organ, hollow-organ perforation, moderate 
and large hemoperitoneum, displaced or complex pelvic 
fracture, and vertebral fracture or dislocation) were cat- 
egorized as significant injuries. 

Splenic, renal, or pancreatic injury were classified ac- 
cording to an assessment of the percentage of parenchyma 


_ involved: small (less than 25%), moderate (25% to 50%), 


or severe (greater than 50%). Hepatic injuries were sim1- 
larly described; the percentage of injured parenchyma was 
related to the volume of the involved hepatic lobe, and 
not to the entire liver.® 

The amount of free peritoneal fluid was estimated ac- 
cording to the classification proposed by Federle and Jef- 
frey.” The presence of fluid was noted in the following 
spaces: perisplenic space, perihepatic space, Morison’s 
pouch, left paracolic gutter, or cul-de-sac of the pelvis. 
Fluid found in only one of these spaces was classified as 
small, and fluid found in two or more of these spaces was 
classified as moderate. If all spaces were well distended 
with fluid, or if fluid in the pelvis extended anterior or 
superior to the bladder, the amount was classified as large. 

Each solid-organ injury was assigned a numerical score 
of 1 for a minor injury, 2 for a moderate injury, and 3 
for a severe injury. A similar score was assigned to each 
category of estimated peritoneal fluid volume. Separate 
scores for individual injuries were added, and a total ab- 
dominal injury score was assigned to the child (CT Se- 
verity Score). 

Several sections of the lower chest were included as 
part of every abdominal CT. In some cases, due to the 
child’s symptoms or abnormalities on clinical exam or 
chest radiograph, a complete chest CT examination was ` 
obtained. 

_ Classification of chest injuries by CT. Abnormalities 
were divided into those involving pulmonary parenchyma, 
pleural spaces, mediastinum, ribs, and soft tissues. A pul- 
monary parenchymal abnormality was classified as a con- 
tusion if the opacity was coarse, ill defined, without cav- 
itation, and did not follow lobar or segmental anatomic 
boundaries.’ It was classified as atelectasis if it was tri- 
angular in shape or if obvious signs of volume loss were 
present.*!° If cavitation within a parenchymal abnor- 
mality was noted, the lesion was considered a laceration."! 
In cases in which the abnormality was confined within 
segmental or lobar anatomic limits and it was not possible 
to differentiate between atelectasis, contusion, and aspi- 
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ration, the lesion was characterized as a nonspecific pa- 
renchymal density. 


Data Analysis 


Differences in means between two or more groups with 
continuous variables were analyzed by factorial Analysis 
of Variance (ANOVA) or t-test where appropriate. Dif- 
ferences in means between two groups with interval level 
data (such as Trauma Score, Glasgow Coma Scale, and 
Injury Severity Score) were analyzed using nonparametric 
statistics (Mann-Whitney U test for two-group compari- 
sons, and the Kruskal-Wallis test for three-group com- 
parisons). Differences in proportion between groups was 
analyzed by contingency table analysis, with confirmation 
by a Chi square statistic. 


‘Results 


Prevalence of Abdominal Injury Versus Neurologic Im- 
pairment 


Figure | shows the distribution of children with signif- 
icant abdominal injuries by GCS. Lower (worse) GCS 
was associated with progressively increasing risk of sig- 
nificant abdominal injury. Children with a GCS < 8 and 
physical signs suggestive of underlying abdominal injury 
(such as abdominal contusions, abrasions, distention, he- 
maturia, and so on), were at higher risk for abdominal 
injury than children with a GCS = 8 (25 of 90 patients, 
28% GCS < 8 vs. 70 of 392 patients, 17.8%; p = 0.047 
by Chi square). However, neurologic impairment alone 
was a low-yield indication for abdominal CT examination. 
Eleven children had a GCS < 8 as the only indication for 
abdominal CT examination. All 11 children had a normal 


"CT of the abdomen. Every child with abdominal injuries 
had more than one physical indication for CT scan. Table | 


1 shows the distribution of atdominal signs used as in- 
dications for abdominal CT examination in children with 
a GCS score of < 8 and abdominal injury. The average 
number of signs given by the referring surgeon was 4.9 
per child (range, 2 to 9 signs) from a list of 12 possible 
indications for CT provided in the study protocol. 


Severity and Distribution of Abdominal Injury Versus 
Neurologic Impairment 


The distribution of organs injured and the degree of 
injury to these organs were similar in both groups (Table 
2). However, injuries to multiple abdominal organs oc- 
curred more frequently in children with GCS < 8 (16.7% 
vs. 4.6%; p = 0.0001). This was corroborated by signifi- 
cantly higher (worse) ISS and CT severity scores in chil- 
dren with a GCS < 8 (24.2 ys. 11.2, p = 0.001; and 2.9 
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TABLE 1. Indications for Abdominal CT in Children with GCS < 8 
and Abdominal Injury (n = 25) 


Indication Number % 
Tenderness 6 24 
Abrasions/contusions 10 40 
Distention 15 60 
Absent bowel sounds 15 60 
Blood per NG* tube 9 36 
Blood per rectum 2 8 
Vomiting 5 20 
Low or dropping hematocrit 10 40 
Fracture pelvis 5 20 
Hematuria 

dipstick only 5 20 
microscopic 6 24 
gross 9 36 
Significantt chest trauma 5 20 


Mean number of indications for 


abdominal CT 4.9/child (range 2-9) 


* NG, nasogastric. 

+ Defined as chest deformity or hematoma on physical examination, 
and/or rib fractures, hemothorax or pneumothorax on initial radiograph 
of the chest. 


ys. 0.96; p = 0.001, respectively). In addition, mean 
Trauma Scores were lower in the neurologically impaired 
group (TS 8.4 vs. 14.7, p < 0.001). Although this group 
may have shown signs of more significant physiologic 
derrangement, it is difficult to state this with certainty 
because the GCS is a major component of the overall 
Trauma Score. 


Severity and Distribution of Chest Injury Versus Neuro- 
logic Impairment 


The prevalence and severity of associated chest injury 
was also higher in children with a GCS < 8. Chest injury 
with no abdominal injury, combined chest and abdominal 


TABLE 2. Abdominal/Chest Injury Versus Glasgow Coma Scale 


GCS <8 GCS2=8 
Injury (n = 90) (n = 373) p 


Significant abdominal injury (%) 
Multiple abdominal organs 


© 25 (27.8) 69(17.8) 0.047 
15 (16.7) 18 (4.8) 0.0002 


12 (13.3) 32 (.09) 0.0001 
17 (18.9) 17 (4.6) 0.0001 
13 (14.4) 21 (5.7) 0.0006 
16 (17.8) 11 (2.9) 0.0001 


Chest injury only 
Chest/abdominal injury 
Unilateral chest injury 
Bilateral chest injury 


Abdominal organ injured 
(% with moderate-to-severe 


injury) 
Liver 10 (40) 39 (43) >0.2 
Spleen 9(77) 26(65) >0.2 
Kidney 10 (40) 17 (47) >02 
Hemoperitoneum 21 (71) §2 (50) = >0.2 
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TABLE 3. Per Cent of Children with Abdominal Injury by Glasgow 
Coma Score and Mechanism of Injury 


GCS < 8 GCS = 8 

Mechanism of Injury (n = 88*) (n2 = 383*) p 
Assault (n = 24) 50% 33% 0.46: 
Bicycling (n = 11)f 0 44% 0.76 
Passenger in motor vehicle 

(n = 115) 23% 20% 0.95 
Pedestrian ys. motor 

vehicle (n = 261) 27% 16% 0.11 

Fall (n = 60) 27% 10% 0.31 


* Excluded are | 1 children in categories containing less than 10 patients 
each. 
+ 0/1 children with GCS. < 8 versus 4/10 children with GCS 28. 


injuries, and bilateral chest injury were more common in 
children with lower GCS (Table 2). 


Clinical Course and Outcome Versus Neurologic Impair-: 


ment 


Three of 90 children with GCS < 8 required abdominal 
surgery (3.3%), compared to 14 of 391 children with GCS 
> 8 (3.6%, p = NS) Two children required splenectomy 
because of continued blood and fluid requirements, and 
one had a pancreatic and duodenal transection repaired. 
There was a higher mortality rate in children with low 
GCS (GCS < 8, 24% vs. GCS = 8, 0.26%; p = 0.0001 by 
Chi square). The cause of death was primarily related to 
severe brain injury in all cases. 


Mechanism of Injury Versus Neurologic Impairment 


The relative frequency of different mechanisms of in- 
jury was compared between groups with and without se- 
vere neurologic impairment. Only those categories of in- 
jury in which there were more than 10 patients were in- 
cluded. Excluded were 11 patients with miscellaneous 
injuries (8), and in whom the mechanism of injury was 
not known (3). There was no difference in the distribution 
of various mechanisms of injury in children with a GCS 
< 8 versus those with a GCS = 8. Further, the frequency 


TABLE 4. Abdominal Injury and Mortality Rate 
by Mechanism of Injury 


Abdominal Mortality 
Mechanism of Injury Injury (%) Rate (%) 
Assault (n = 24) 9 37.5 3 12.5 
Bicycling (n = 11) 4 36.4 0 — 
Motor vehicle related (n = 368) 68 18.4 19 5.1 
passenger in motor vehicle 
(n = 109) 23 204 5 4.46 
Pedestrian vs. motor vehicle 
(n = 259) 45 17.3 14 5.4 


Fall (n = 60) 8 13.3 LI IIJ 
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of abdominal injury associated with a particular mecha- 
nism of injury was no different in the neurologically im- 
paired group (Table 3). 

Each mechanism of injury was then analyzed for the 
frequency of associated abdominal injury and mortality 
regardless of GCS (Table 4). Of the 6 categories analyzed, 
assault was the mechanism associated with the highest 
rates of abdominal injury (37.5%) and mortality (12.5%). 
Motor vehicle accidents were associated with intermediate 
rates of abdominal injury and mortality. Bicycling acci- 
dents were associated with a high frequency of abdominal 
injury, but no deaths occurred in this group. Falls had 
the lowest rate for associated abdominal injury and few 
deaths. | 


Discussion 


Children with severe neurologic impairment after blunt 
trauma represent a unique and challenging subset of in- 
jured patients. In this study the presence of coma was 
associated with a significantly higher mortality nsk than 
was little or no neurologic impairment. In addition, chil- 
dren with severe neurologic impairment had a higher 
prevalence and severity of associated extracranial injuries 
as manifested by a higher frequency of chest injury, ab- 
dominal injury, combined thoracoabdominal injury, and 
injury to multiple abdominal organs detected with CT. 

More severe degrees of neurologic impairment in chil- 
dren with GCS < 8 were associated with a progressively 
increasing risk of significant abdominal injury. We used 
a GCS of 8 as the break point to distinguish children with 
severe neurologic impairment from those with little or no 
impairment without a priori knowledge of the results of 
our data analysis. Re-evaluation of the data using a GCS 
of 10 showed no significant differences in frequency of 
associated abdominal injury between the two groups (GCS 
< 10, 21.5% vs. GCS = 19.1%; p = 0.66 by Chi square). 
These data suggest that blunt trauma sufficient to cause 
head injury with major neurologic impairment (coma) 1s 
associated with the absorption of significant kinetic energy 
to other parts of the body as well. 

Combined head and abdominal CT examination has 
been advocated as efficacious in the evaluation of children 
with major head injury, even when no abdominal signs 
of underlying injury are present on physical examination. 
Beaver et al.!? found that 15 of 65 children with a GCS 
score < 10 had abdominal injuries, and that abdominal 
signs in this group were unreliable indicators of underlying 
abdominal injury. Although the proportion of neurolog- 
ically impaired children with abdominal injuries is similar 
to this population (Beaver et al.!?, 23% vs. current study, 


`- 28%), our findings differ with respect to the frequeney of 


abdominal injury in the absence of abdominal signs. Six 
of 27 (22%) neurologically impaired children without ab- 
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dominal signs in Beaver’s study had an abdominal injury, 
versus 0 of 11 children in this study. Every child who had 
a significant abdominal injury in the present study had 
signs suggestive of abdominal trauma. These discrepancies 
may be related to differences in data collection, popula- 
tion, or definition of abdominal injury on CT. 

Physical findings are useful in children with neurologic 
impairment. Eliciting accurate information about the 
presence of pain from children who are neurologically 
impaired is difficult. Yet physical signs of underlying ab- 
dominal injury such as abdominal distention, contusion, 
abrasion, and the presence of blood in the GI tract or 
urine are not dependent on the child’s neurologic status 
and do not require cooperation from the child for rec- 
ognition. Hematuria is a particularly useful sign in iden- 
tifying children at higher'risk for underlying abdominal 
injury. The presence and degree of symptomatic hema- 
turia are associated with significantly higher risk for ab- 
dominal injury, multiple organ trauma, and renal injury.'? 

Knowledge of the mechanism of injury is also impor- 
tant in the decision to proceed with abdominal CT, re- 
gardless of GCS. Certain mecharisms of injury place the 
child at high risk for abdominal injury and are associated 
with a high mortality rate. The most dangerous mecha- 
nism of injury in our series was violent assault (child 
abuse). Although relatively few children were in this cat- 
egory (n = 24), the risk of abdominal injury was 37.5%, 
and the mortality rate was 12.5% (compared to a 19.6% 


risk of significant abdominal injury, and an overall mor- . 


tality rate of 4.5% for all children in this study). Injury 
while riding a bicycle was also associated with a relatively 
high risk of abdominal injury (36.4%), but with a low 
mortality rate. Approximately 18% of children injured in 
motor vehicle accidents and 13% of children injured in 
falls had associated significant abdominal injury. 
Children with severe neurologic impairment after blunt 
trauma are a group at high risk not just for significant 
abdominal injury but also for injury to multiple abdom- 
inal organs, the chest, and combined thoracoabdominal 
organs. They are also, as a group, more physiologically 
unstable at presentation and have a higher mortality rate 
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than children without neurologic impairment. The deci- 
sion to obtain an abdominal CT in a neurologically im- 
paired child should be made within the context of the. 
clinical situation. Yet the current data lead us to conclude 
that neurologic impairment without concurrent abdom- 
inal signs 1s a low-yield indicator of underlying abdominal 
injury. Abdominal CT scan should be reserved for chil- 
dren in whom there is a high clinical index of suspicion 
of significant abdominal trauma based on the presence of 
signs during physical examination and the mechanism of 


injury. 
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Detection of Clustered Gastrointestinal Contractions 
in Partial Intestinal Obstruction by Surface 


Vibration Analysis 





P. T. CULLEN, F.R.C.S.1., B. E. STOREY, PxH.D.,” A. CUSCHIERI, M.D., and F. C. CAMPBELL, M.D. 


Gastrointestinal contraction “clusters” with alternating quies- 
cence occur in partial intestinal obstruction and are conventionally 
detected by intraluminal manometry. Surface Vibration Analysis 
(SVA), which is a noninvasive test, was evaluated in this study 
in experimental and clinical situations. In the experimental sit- 
uation, former SVA was assessed against simultaneous manom- 
etry in two volunteers, in whom partial obstruction had been 
induced by intrajejunal balloon distension. Manometry showed 
typical contraction “clusters” with alternating quiescence, each 
of two to four minutes duration, in obstructed jejunum proximal 
to the balloon. The distal jejunum was inhibited. SVA showed 
a pattern of hyperactivity and quiescence corresponding to prox- 
imal jejunal activity. In the clinical situation, SVA recordings 
taken after a standard meal in nine patients with suspected 
chronic obstruction adhesive obstruction, (subsequently proven 
in seven patients and disproved in two), and 36 volunteers were 
compared. All patients with proved obstruction showed an SVA 
pattern of alternating hyperactivity and quiescence. This pattern 
was not observed in volunteers or nonobstructed patients. 


HILE THE CLINICAL FEATURES OF acute in- 

testinal obstruction are overt, and diagnosis 

is generally undemanding, the signs and 
symptoms of chronic or partial obstruction are often ob- 
scure.! Although a history of postprandial colicky ab- 
dominal pain in patients with a background of previous 
abdominal surgery may be considered suggestive, there is 
a paucity of objective tests.” Plain abdominal and contrast 
radiology may be unhelpful, and surgeons often have to 
resort to a blind exploratory laparotomy. 

Recently, Summers et al.’ -described the phenomenon 
of “cluster” contractions, which consist of intense con- 
tractile spike activity, lasting one to three minutes, alter- 
nating with virtual quiescence of similar duration, in 
bowel proximal to a partial obstruction. A further char- 
acteristic is that the bowel distal to any partial obstruction 
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shows inhibition of contractile activity.>* These abnor- 
malities, however, are detected by manometry, which is 
invasive and hence has not been widely adopted in this 
diagnostic context. We have developed a new noninvasive 
technique called Surface Vibration Analysis (SVA), for 
evaluation of gastrointestinal activity patterns. This study 
describes the investigation of disordered gastrointestinal 
motility in partial intestinal obstruction by Surface Vi- 
bration ‘Analysis, in experimental and clinical situations. 


Materials and Methods 


This study had an experimental and a clinical arm. 


Experimental Intestinal Obstruction 


In two volunteers who were free of any gastrointestinal 
disturbance, SVA was evaluated against jejunal manom- 
etry, which was assessed simultaneously by dual pressure 
sensitive radio-pills, in response to intrajejunal balloon 
distension. l 

Protocol. After an overnight fast, the manometry and 
balloon apparatus was passed periorally in each subject. 
The apparatus, which comprised a central balloon with 
pressure sensitive radiopills tethered by radio-opaque 
tubing 20 cm proximally and distally, was positioned in 
the proximal jejunum (Fig. 1). Once in satisfactory po- 
sition, the tether for the apparatus was strapped to the 
subject’s cheek to stabilize the position. The SVA trans- 
ducer was placed externally on the abdominal surface at 
the right hypochondrium, the subjects lay supine, and 
after ten minutes of acclimatization, the balloon was in- 
flated with 35 ml of air. SVA and manometric changes 
were monitored continuously, before and after balloon 
distension, for the duration of each study (four hours).. 
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Neither subject experienced anything more than mild 
discomfort during each study, and at the conclusion the 
balloon was tested for spontaneous deflation by comparing 
the air volume withdrawn with that initially instilled. Both 
balloons had remained fully inflated. The balloon/ma- 
nometry apparatus was then removed by gentle traction. 
No side effects were noted by either subject. 

Manometric evaluation. The manometry system used 
two pressure-sensitive radiotelemetry pills (Remote Con- 
trol Systems Ltd., London, England; Type 7014). Radio 
signals were captured by rod aerials connected to two 
computerized remote control FM receivers (Remote 
Control Systems, Ltd., London, England; Type 7060) with 
preselected frequencies appropriate to the radiopills. The 
direct current output from each receiver was proportional 
to the ambient pressure surrounding each corresponding 
radiopill. 

Surface vibration analysis. The SVA technique (patent 
pending) has been developed by collaboration between 
the Departments of Surgery and Physics, University of 
Dundee, over the past 3 years and has previously been 
described.® Briefly, the method is based on an electro- 
mechanical transducer (Bruel and Kjaer Instruments Ltd., 
Copenhagen, Denmark) with an attenuated frequency re- 
sponse (range, 40 to 10000Hz), mounted externally on 
the abdominal wall. Sinusoidal vibration at the abdominal 
surface is converted by the transducer to an electronic 
signal, which is calibrated against fixed oscillator output, 
amplified at set gain and processed by a purpose-built 
digital integrator that accumulates signal amplitude over 
5-second intervals. The output from this device is ad- 
dressed to the in-built analogue to digital converter of a 
BBC microcomputer (Acorn Computers Ltd., Cambridge, 
England), where, by purpose-designed software, further 
signal integration over intervals of one minute takes place. 
Sequential and accumulated amplitude measurements as 
well as graphic display on screen and on a linked dot 
matrix printer are provided. 

Signal analysis and display. The three signals from both 
radiopills and the SVA system were simultaneously dig- 
itized at 10Hz by an Amplicon Model PC-30 analogue- 
to-digital converter (Amplicon Liveline, Brighton, East 
Sussex, England) then processed for display in three ap- 


propriate channels corresponding to (1) SVA, (2) proxi- 


mal, and (3) distal jejunal manometry on an OPUS V 
microcomputer (Opus Supplied Lidt., Redhill, Surrey, 
England), using our purpose-designed software program 
called “Measure” for signal collection and display. The 
“Measure” program synchronized the three signals in 
time, and provided simultaneous display on the monitor 
screen in three channels, thus facilitating easy comparison 
and qnalysis. (In the experimental arm of this study, SV A 
signals were addressed to both the “Measure” program 
running on the Opus system for evaluation against ma- 
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Fic. 1. Experimental intestinal obstruction by intrajejunal balloon dis- 
tension: manometry by radiotelemetry proximal and distal to balloon. 
The balloon, (fed by shorter radio-opaque tube), is sausage shaped and 
situated in the upper jejunum. One pill lies 20 cm proximally in the 
obstructed jejunum and the other lies 20 cm beyond the balloon, in the 
upper jejunum. 


nometry and to the BBC system for signal integration 
over one-minute intervals and numerical measurement.) 


Clinical Partial Obstruction 


This arm of the study concerned nine patients with 
suspected partial obstruction, of whom seven had had 
multiple previous abdominal operations, and 36 healthy 
volunteers. 

Protocol. After a 12-hour fast, SVA recordings alone 
were carried out in patients and volunteers for 30 minutes 
before and 180 minutes after a standard meal. The trans- 
ducer was placed in the right upper quadrant, and all 
subjects lay supine for the duration of the study, as before. 

Standard meal. The standard meal consisted of 200 g 
mashed potato, 100 g baked beans, and 50 cc water, with 
a caloric value of 253 Kcal. 

Data analysis. The SVA system allowed visual assess- 
ment of graphic output, and numerical energy measure- 


eam — et wa a a ir Fa.) 0 Sy Se ae OS TS I eae eae ee 
be 
p 236 CULLEN AND OTHERS 
Š SECTOR i, STAATING FRAME 600, 110 FRAMES, CONTEXT 64 
. 2048 VALUES 
4 1024 
0 
e =~41024 
` 
sa 
, 2048 
e 2048 VALUES 
k 
S 1024 
SA 
a PROXIMAL MANOMETRY - CLUSTER CONTRACTIONS 
Z 
È. 
b . 
g 


TETE 


oT 


Fie is 


i A he 


a 


<r 


ST TIE! = EF TYF 


mii a BBS id a ee ee P> 
, a . 








OISTAL MANOMETRY - INHIBITION 





C: \ILS\WRK\FC401. 


C \ILS\WAK\FC402. 








er ine See eee a A aa da 


Ann. Surg. + August 1989 


FiG. 2. “Cluster contrac- 
tions” with synchronous 
SVA response. The three 
channels as demonstrated by 
the “Measure” program are 
shown for an interval of 12 
minutes; SVA (top channel), 
proximal manometry (mid- 
dle channel), and distal ma- 
nometry (bottom channel). 
Note “cluster contractions” 
in proximal (obstructed) je- 
junum and the immediate 
SVA response. The distal je- 
junum is inhibited. 


ments. To evaluate pattern differences, the number of was by the Mann Whitney test. The number of patients 
SVA activity peaks were counted and quantitative SVA who were proved free of obstruction (n = 2) was too small 
energy measurements were compared in the proved-ob- to permit statistical evaluation against the other two 


struction and healthy volunteer groups. Statistical analysis groups. 
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FIG. 3. SVA response to exper- 
imental obstruction: data in- 
tegration interval of one min- 
ute. The SVA tracing, taken 
over four hours, in one of the 
volunteers showing better 
demonstration of the alternat- 
ing hyperactivity and quies- 
cence with the longer (one 
minute) interval of data inte- 
gration, after balloon disten- 
sion. Note the increasing am- 
plitude of the peaks with pas- 
sage of time. 
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Results 
Experimental 


The two volunteers were men aged 30 and 36 years. 
Balloon distension induced “‘cluster contractions” lasting 
one to three minutes alternating with inactivity in the 
proximal jejunum. The distal bowel was inhibited. This 
pattern was accompanied by a synchronous SVA response 
of alternating hyperactivity end quiescence (Fig. 2). The 
simultaneous integration of SVA signals, by the BBC 
computer, over intervals of one minute, allowed better 
demonstration of the contrast of alternating hyperactivity 
and quiescence (Fig. 3). 


Clinical 


The ages of the patients ranged from 40 to 83 years (X 
+ SEM = 63.4 + 3.3) and those of the volunteers ranged 
from 19 to 67 years (X + SEM = 29.2 + 1.8). Partial 
obstruction was proved in sevan paea and disproved, 
by laparotomy, in two. SVA showed regular peaks of hy- 
peractivity lasting *3.53 + 0.1 minutes alternating with 
quiescence lasting *4.6 + 0.3 minutes in all patients with 
proved obstruction (Fig. 4, Top). This alternating pattern 
occupied the total recording period in three patients and 
was partial in four patients. The volunteers (Fig. 4, Middle) 
had a more sustained postprandial response with fewer 
peaks that were irregular and low in amplitude (Median 
number of'peaks; volunteers = *6.2 + 0.7 vs. patients 
with proved partial obstructicn = *13.1 + 1.8; p < 0.01 
+). Total SVA energy values were greater in obstructed 
patients (*405,728 + 52,857) than normals (*195,433 
+ 10,040; p < 0.01 +) or nonobstructed patients (*121,148 
+ 55,728). 

Neither patient who was wrongly suspected of adhesive 
obstruction (disproved at leparotomy), showed any evi- 
dence of a pattern of alterrating hyperactivity and qui- 
escence (Fig. 4, Bottom). 


Discussion 


Partial intestinal obstruction most commonly results 
from adhesions of previous abdominal surgery and may 
be associated with chronic relapsing pain. While conven- 
tional tests are generally not useful for diagnosis, mano- 
metric studies have shown the phenomenon of episodic, 
short duration “contraction clusters” with alternating in- 
activity both in the experimental animal and in symp- 
tomatic patients.** While these findings are of interest, 
the value of manometry as a diagnostic test is limited by 
its invasive nature. In this center we have developed a 
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* Median + Interquartile Range. 
+ Mann Whitney Test. 
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Fic. 4. Evaluation of suspected chronic obstruction by SVA. This figure 
compares typical SVA tracings from three groups: (Top) Proved partial 
obstruction. (Middle) Normal volunteers. (Bottom) Nonobstructed pa- 
tients. For all 3 tracings, A = calibration signal, B = fasting activity, C 
= pause for meal ingestion, D = postprandial activity. 

Note the recurrent pattern of alternating hyperactivity and quiescence 
(Top), in which partial obstruction was proved by laparotomy. Each 
episode of hyperactivity lasted several minutes and was followed by qui- 
escence of similar duration. No evidence of this pattern was seen in 
normal volunteers (Middle) or symptomatic patients who were found at 
laparotomy to be free of obstruction (Bottom), 
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noninvasive method that addresses gastrointestinal activ- 
ity by measurement of mechanical vibration at the ab- 
dominal wall that predominantly emanates from gas- 
trointestinal contractions. The relationship of SVA energy 
measurements to conventional tests of gastrointestinal 
motor function has previously been reported in a group 
of patients and volunteers.®’ 

In this study, the SVA system was evaluated against 
manometry in experimental partial obstruction then 
tested in the clinical situation. Typical “contraction clus- 
ters” in the proximal bowel with distal inhibition were 
induced by intrajejunal balloon distension. This mano- 
metric profile in the proximal bowel of regular periodic 
bursts of hyperactivity and inactivity was accompanied 
by a synchronous SVA response of alternating hyperac- 
tivity and quiescence. Because the distal bowel was in- 
active, the SVA profile was considered to be representative 
of the activity of the proximal obstructed jejunum. 

In the experimental studies using the OPUS system, 
the amplitude of SVA response to each contraction cluster 
was relatively small and this was considered to be a re- 
flection of the short interval (5 seconds) for signal inte- 
gration. Consequently longer intervals for data integration 
were employed in the parallel BBC computer, and the the 
period of one minute was found to be ideal. This approach 
of prolonging the duration of data integration avoided 
any alteration of the system’s sensitivity, which would 
have rendered previous calibration data invalid. An ex- 
ample of SVA output with the longer integration interval 
is shown in one volunteer after balloon distension in Fig- 
ure 3, and the peaks of hyperactivity and troughs are better 
demonstrated. In the volunteers this episodic pattern be- 
came marked, with very high amplitude peaks and alter- 
nating quiescence, with increasing duration of balloon 
distension. Hence for all clinical SVA studies, the longer 
(one minute) interval was used. 

The clinical studies involved nine patients with sus- 
pected partial obstruction and 36 volunteers who were 
studied using the SVA system only after a standard meal. 
All patients had chronic complaints and had been exten- 
sively, although inconclusively, investigated in the past. 
SVA showed a pattern of high amplitude activity peaks 
of three to four minutes duration alternating with qui- 
escence in seven patients who were subsequently shown 
to have partial intestinal obstruction. The SVA pattern 
of alternating high amplitude peaks and quiescence, which 
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had been observed preoperatively, involved the total re- 
cording time in three patients, but in four patients re- 
cording started at variable intervals after the test meal. 
These observations are as yet unexplained, although it 
appeared to us that patients in the former group did tend 
to have a higher site of small bowel obstruction than the 
latter, (e.g., two patients had adhesions involving upper 
jejunum and one had widespread small bowel strictures 
due to metastatic involvement). . 

It is conceivable that in the latter group (low partial 
obstruction) time is taken for the food bolus to reach the 
compromised bowel segment before initiating the ob- 
structive pattern. Two patients with a suggestive history 
of intermittent colicky pain and constipation had a neg- 
ative laparotomy that revealed no evidence of obstruction 
nor any evidence of gross organic abnormality that could 
have accounted for their symptoms. Both of these patients 
also had a negative preoperative SVA test, which inter- 
estingly occupied the lower limit of our normal range. It 
is conceivable, therefore, that these individuals could have 
had a latent hypomotility disorder responsible for their 
symptoms. 

The findings of the above studies are very encouraging 
for this new noninvasive technique, which is easy and 
comfortable for patients. However, further studies are 
warranted in other conditions, e.g., pseudo-obstruction 
(where “‘cluster contractions” are known to occur), before 
its routine use as a diagnostic test for partial obstruction 
can be advocated. 
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Peripheral Blood Leukocyte Kinetics Following Jn 
Vivo Lipopolysaccharide (LPS) Administration to 


Normal Human Subjects 


Influence of Elicited Hormones and Cytokines 
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KEVIN J. TRACEY, M.D., MICHAEL A. MARANO, M.D., STEPHEN F. LOWRY, M.D., ANTHONY C. ANTONACCI, M.D., 


Lipopolysaccharide (LPS, endotoxin) administration to human 
subjects elicits significant elevations in plasma cachectin/TNF, 
epinephrine, and cortisol. This study examined the temporal re- 
lationship between changes in blood leukocyte subsets and 
plasma mediators following endotoxin administration to normal 
human subjects. A five-minute mtravenous infusion of purified 
LPS (20 units/kg Escherichia coli) was administered to 12 
healthy volunteers. Blood samples were obtained at varying in- 
tervals after infusion and analyzed for differential cell counts 
and lymphocyte subsets (CD2, CD3, CD4, CD8, CD20, and 
HLA-DR) by flow microfluorimetry, and also assayed for plasma 
cachectin/TNF, epinephrine, and cortisol. Plasma cachectin/ 
TNF was significantly elevated at 75 and 90 minutes after in- 
fusion with a peak concentration of 261 + 115 pg/ml noted 75 
minutes after infusion. A significant plasma epinephrine elevation 
of 181 + 75 pg/ml was demonstrated one hour after infusion, 
while significant elevations in plasma cortisol were noted from 
one to five hours after infusion with a peak level] of 34 + 3 ug/ 
dl three hours after infusion. A profound monocytopenia (p 
< 0.01) was noted one hour after infusion. Temporally associated 
with the rise in plasma cortisol was a reversal of the early gran- 
ulocytopenia to a significant granulocytosis (p < 0.01 versus 
preinfusion mean), whereas a marked lymphocytopenia (p < 0.01) 
was observed from one.to six hours after infusion. During the 
period of hypercortisolemia, CD2, CD3, and CD4 lymphocyte 
percentages were decreased (p < 0.01) while CD20 and HLA- 
DR lymphocyte percentages were increased (p < 0.01). There 
was a Small percentage decrease in CD8 lymphocytes from one 
to 24 hours after infusion (p < 0.01), although. relative to the 
one-hour nadir, there was a significant rise in the percentage 
during the time of elevated plasma cortisol concentrations. A 
six-hour infusion of epinephrine (30 ng/kg/min) administered 
to six healthy volunteers resulted in a monocytosis (p < 0.05) 
and granulocytosis (p < 0.01) without a change in lymphocyte 
number or lymphocyte subset percentage. Previous reports have 
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shown that in vivo corticosteroid infusion causes a prominent 
granulocytosis, monocytopenia, and lymphocytopenia with a de- 


crease in the percentages of CD3 and CD4 lymphocytes. The 


peripheral blood leukocyte dynamics documented in the current 
Study are similar to patterns observed following in vivo corti- 
costeroid administration. This study suggests that the acute ad- 


-renocortical response to endotoxemia primarily mediates the 


subsequent changes in leukocyte subsets. 


HE LIPOPOLYSACCHARIDE (LPS) COMPONENT of 

the outer membrane of gram-negative bacteria is 

presumed to initiate a constellation of immu- 
nologic and biochemical responses.'? Previous reports 
have documented that the administration of lipopolysac- 
charide (endotoxin) to human subjects elicits an adre- 
nocortical response manifested by elevations in plasma 
cortisol.” ? This laboratory has previously evaluated the 
effects of pathophysiologic glucocorticoid elevations on 
peripheral blood leukocyte dynamics via an in vivo cortisol 
infusion in normal volunteers. 10 The plasma cortisol con- 
centrations achieved with such infusions were similar to 
those seen in critically ill patients, as were the numerical 
and phenotypic alterations in peripheral blood leuko- 
cytes.'°-'* These changes consisted of granulocytosis and 
lymphocytopenia with specific percentage decreases in the 
CD3 (total T cells) and CD4 (helper/inducer T cells lym- 
phocyte subsets. 

Since endotoxin administration elicits significant ele- 
vations in plasma cortisol, it was hypothesized that 
changes in peripheral blood leukocyte composition fol- 
lowing endotoxin exposure would be similar to those pre- 
viously observed with in vivo cortisol infusion. The results 
presented herein demonstrate that the adrenocortical re- 
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sponse to endotoxin infusion in human subjects is tem- 
porally associated with changes in peripheral blood leu- 
kocytes that mimic those observed with corticosteroid ad- 
ministration. | 


Materials and Methods 


Endotoxin and Epinephrine Infusions 


Highly purified National Reference bacterial lipopoly- 


saccharide (Lot EC-5) was prepared from Escherichia coli 
0113. Male volunteers were screened as outpatients by 
history, physical examination, and blood analyses. Twelve 
normal subjects from 20 to 37 years of age were selected 
for the endotoxin infusion and an additional six volun- 
teers, aged 22 to 29. years, were chosen for epinephrine 
infusion. All subjects were admitted to the New York 
Hospital-Cornell University Medical College Adult Clin- 
ical Research Center. Informed, written consent was ob- 
tained from each volunteer in concordance with a protocol 
approved by the Institutional Review Board of the New 
York Hospital—Cornell University Medical Center. Seven 
volunteers were maintained on a hypocaloric dextrose in- 
fusion (50 mg/kg/hr) during the studies while the re- 
maining five subjects received 1.5 times their caloric needs 
via total parenteral nutrition. On the morning of study, 
a radial artery was percutaneously cannulated with a No. 
.20 gauge catheter and connected to a pressure transducer. 
Hemodynamic and respiratory parameters, along with 
rectal temperature, were monitored throughout the entire 
study. Following two hours of baseline monitoring, 20 
units of lipopolysaccharide per kilogram of body weight 
was administered intravenously over five minutes to each 
subject. Arterial samples were collected before LPS in- 
fusion and at postinfusion times of one-half, one, two, 
three, four, five, and six hours with a venous sample ob- 
tained at 24 hours. Epinephrine was infused intravenously 
at a constant rate of 30 ng/ml/min over a six-hour period. 
Arterial samples were obtained before infusion and at in- 
fusion times of three and six hours. 


Differential Cell Counts 


One hundred microliters of whole blood were aliquoted 
and the erythrocytes were lysed by the addition of 2 ml 
of bicarbonate-buffered NH,Cl'solution. This suspension 
was then directly aspirated into a Spectrum III flow cy- 
tometer (Ortho Diagnostic Systems, Westwood, MA) for 
a quantitative three-part (lymphocytes, monocytes, and 
granulocytes) differential cell count by light scatter anal- 
ysis. 


Immunofluorescence Staining 


Cell surface antigens were assessed by flow microfluor- 


imetry.using fluorescein isothiocyanate (FITC) conjugated 


RICHARDSON AND OTHERS 


Ann. Surg. » August 19&9 


monoclonal antibodies. Antibodies used were anti-CD2 


= (detects all T cells), anti-CD3 (detects all T cells), anti- 


CD4 (detects helper/inducer T cells), anti-CD8 (detects 
suppressor/cytotoxic T cells), anti-CD20 (detects B cells), 
and anti- HLA-DR (detects B cells and, if present, activated 
T cells). All antibodies were obtained from Ortho Diag- 
nostic Systems except for anti-HLA-DR (Becton-Dick- 
inson, Mountain View, CA) and CD20 (Coulter Immu- 
nology, Hialeah, FL). 

Lymphocytes were labelled with antibody by incubating 
150 microliters of whole blood for 40 minutes on ice with 
saturating amounts of FITC conjugated monoclonal an- 
tibodies. After lysis of erythrocytes by ammonium chloride 
solution, leukocytes were recovered by centrifugation and 
resuspended in 1 ml of phosphate buffered saline for flow 
microfluorimetry. Control samples consisted of unstained. 
cells or cells stained with monoclonal mouse IgG-FITC. 


Fluorescence Flow Cytometry 


The argon ion laser of the flow cytometer was operated 
at 75 mW and all data analyses were performed on a 2140 
computer system (Ortho Diagnostic Systems, Westwood, 
MA). Lymphocytes were gated by simultaneous forward- 
versus-90 degree light scatter with an elliptical region set 
around the lymphocyte cluster. Green fluorescence his- 
tograms were generated with mutually exclusive counting 
regions set to quantify fluorescence-negative (control- 
stained) and fluorescence-positive events. Data were ob- 
tained as the percentage of fluorescence-positive lympho- 
cytes relative to total lymphocytes counted. Absolute 
numbers of fluorescence-positive lymphocytes were cal- 
culated by multiplying the percentage of fluorescence- 
positive lymphocytes (expressed as a decimal) by the ab- 
solute number of lymphocytes as determined by the dif- 
ferential cell count. 


Assays for Plasma Cachectin/TNF, Epinephrine, and 
Cortisol i 


Plasma cachectin/TNF was measured by an enzyme- 
linked immunosorbant assay (ELISA) as previously de- 
scribed.'? A radioenzymatic assay was used in the deter- 
mination of plasma epinephrine concentrations. Plasma 
cortisol was assayed in duplicate by direct radioimmu- 
noassay as reported previously.!*!° Crossreactivity of the 
antibody was 5% with 11-deoxy-17OH-corticosterone 
(substance S) and less than 0.5% with other relevant glu- 
cocorticoid and sex steroids. Quality control samples were 
run in each assay. . | 


Data-Analysis 


The effects of endotoxin or epinephrine infusion Were 
assessed for each variable by a one-way analysis of vari- 
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FIG. 1. Plasma cachectin/TNF concentrations in normal individuals be- 
fore (Pre) and after five-minute infusion of 20 units/kg of lipopolysac- 
charide. Results are expressed as the mean plus or minus the standard 


error of the mean (*p < 0.01 vs. preinfusion mean by analysis of variance 
and Newman-Keuls test). 


ance. Ifa given ANOVA was significant at p < 0.05, com- 
parison of means was performed with either the Dunnett’s 
or Newman-Keuls means range test.'° 


Results 


The temporal alterations in serum cachectin/TNF 
concentrations following the five-minute bolus of endo- 
toxin are shown in Figure 1. Significant elevations in 
serum cachectin/TNF were demonstrated from 75 to 90 
minutes after infusion with a peak concentration of 261 
+ 115 pg/ml 75 minutes after infusion. Figure 2 depicts 
the epinephrine response to the endotoxin bolus with a 
significant elevation of 181 + 75 pg/ml noted one hour 
after infusion. 

Changes in plasma cortisol concentrations following 
the endotoxin bolus are shown in Figure 3. Preinfusion 
plasma concentrations of cortisol were within the expected 
normal range. Significant elevations in plasma cortisol 
were noted from one to five hours after infusion with a 
peak level of 34 + 3 ug/dl three hours after infusion. Six 
hours after infusion plasma cortisol had returned to 
preinfusion concentrations and remained at preinfusion 
levels up to 24 hours after infusion. 

Figure 4 depicts the response of granulocyte number 
to the endotoxin bolus. An early profound granulocytc- 
penia was noted one hour after infusion, which shifted to 
a granulocytosis (p < 0.01 vs. preinfusion mean) by two 
hours after infusion. The granulocytosis persisted until 
six hours after infusion but by 24 hours had returned to 
preinfusion levels. The marked reversal of the granolo- 
cytopenia to a granulocytosis occurred at the time of the 
rise in plasma cortisol. 
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FIG. 2. Plasma epinephrine concentrations in normal individuals tefore 
(Pre) and after five-minute infusion of 20 units/kg of lipopolysaccharide. 
Results are expressed as the mean plus or minus the standard error of 


the mean (+p < 0.05 vys. preinfusion mean by analysis of variance and 
Newman-Keuls test). 


The changes in lymphocyte and monocyte numbers 
after the endotoxin infusion are shown in Figure 5. A 
marked lymphocytopenia was observed from one to six 
hours after infusion while there was a significant nadir in 
monocyte number one hour after infusion, which resolved 
by five hours after infusion. The lymphocytopenia ap- 
peared to display two stages with the first stage showing 
a steep decline in lymphocyte number in the first hour 
after bolus, while the second stage from two to six hours 
after bolus demonstrated a more gradual decrease. The 
second stage of the lymphocytopenia correlated tempo- 
rally with the elevation in plasma cortisol concentrations. 
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Fic. 3. Plasma cortisol] concentrations in normal individuals before (Pre) 
and after five-minute infusion of 20 units/kg of lipopolysaccharide. Re- 
sults are expressed as the mean plus or minus the standard error of the 
mean (+p < 0.05 and *p < 0.01 vs. preinfusion mean by analysis of 
variance and Newman-Keuls test). 
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FIG. 4. Peripheral blood granulocyte counts in normal individuals before 
(Pre) and after five-minute infusion of 20 untts/kg of lipopolysaccharide. 
Results are expressed as the mean plus or minus the standard error of 


the mean (*p < 0.01 vs. preinfusion mean by analysis of variance and 
Newman-Keuls test). 


Both lymphocyte and monocyte numbers were at prein- 
fusion levels 24 hours after infusion. 

Almost all of the significant changes that occurred in 
lymphocyte subset percentages correlated temporally with 
significant elevations in plasma cortisol. Figure 6 depicts 
the changes in T cells expressed as the per cent CD2 or 
CD3 of total lymphocytes. Following the endotoxin bolus, 


significant decreases in T cell percentages (CD2 and CD3) 


were observed from three to five hours after infusion with 
the CD2 lymphocytes also decreased six hours after in- 
fusion. By 24 hours after infusion, T cells had returned 
to preinfusion percentages. 

‘The CD4 lymphocyte subset had a significant percent- 
age increase one hour after infusion but shifted to a sig- 
nificant decrease by three hours after infusion. This de- 
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Fic. 5: Peripheral blood lymphocyte and monocyte counts in normal 
individuals before (Pre) and after five-minute infusion of 20 units/kg of 
lipopolysaccharide. Results are expressed as the mean plus or minus the 
standard error of the mean (+p < 0.05 and *p < 0.0! ys. preinfusion 
means by analysis of variance and Newman-Keuls test). 


RICHARDSON AND OTHERS 


Ann. Surg. » August 1989 





80 
“4 
biol 
pow 
‘pe 
bel 
C 
e a 
Con 
E 70 
ee 
d 
bht 
Pas 
a 
R X 
a 60 
t 
2 4 
a o = 
sa i x 
ge . 
x 
Pre. O0 1 2 3 4 5 6 24 


HOURS POSTINFUSION 


FIG. 6. Percentages of peripheral blood lymphocytes in CD2 and CD3 
subsets in normal individuals before (Pre) and after five-minute infusion 
of 20 units/kg of lipopolysaccharide. All of the percentages were deter- 
mined by fluorescence flow cytometry. Results are expressed as the mean 
plus or minus the standard error of the mean (*p < 0.01 ys. preinfusion 
means by analysis of variance and Newman-Keuls test). 


crease persisted to five hours after infusion (Fig. 7). In 
contrast, there was a significant decrease in the percentage 
of CD8 lymphocytes by one hour after infusion that per- 
sisted to and included the 24-hour timepoint. However, 
relative to the one-hour nadir, there was a slight but sig- 
nificant rise in the CD8 lymphocyte percentage from one 
to six hours after infusion (Fig. 7). The percentages of 
HLA-DR and CD20 lymphocytes showed significant in- 
creases from three to six hours after infusion with a return 
to preinfusion percentages by 24 hours after infusion (Fig. 
8). Because the flow cytometric phenotyping is performed 
with the scatter gate circumscnbing the lymphocyte clus- 
ter, the HLA-DR percentages should reflect only changes 
in B cells and activated T cells, while the CD20 marker 
indicates changes 1n B cell percentages alone. 

The profound lymphocytopenia following endotoxin 
exposure (as shown in Figure 5) produced, from one to 
six hours after infusion, significant numerical decreases - 
in all the lymphocyte subsets examined. However, the 
CD3 and CD4 subpopulations had similar profound de- 
creases numerically while the CD8 subset had only a rel- 
atively small decline in number during the same period 
of time (data not shown). | 

Table | summarizes the effects of epinephrine infusion 
on plasma epinephrine concentrations and peripheral’ 
blood leukocytes. Significant elevations in plasma epi- 
nephrine were achieved at infusion times of three and six 
hours. Plasma cortisol remained at preinfusion levels (13 
+ 3 pg/dl) during the epinephrine infusion. Monocytes 
and granulocytes demonstrated significant’numerical in- 
creases at infusion times of three and six hours but iym- 
phocyte number and lymphocyte subset percentages were 
unaffected by epinephrine infusion. 
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FIG. 7. Percentages of peripheral blood lymphocytes in CD4 and CD8 
subsets in normal individuals before (Pre) and after five-minute infusion 
of 20 units/kg of lipopolysaccharide. All of the percentages were deter- 
mined by fluorescence flow cytometry. Results are expressed as the mean 
plus or minus the standard error of the mean (+p < 0.05 and *p < 0.01 
ys. preinfusion means by analysis of variance and Newman-Keuls test). 


Discussion 


Three phases appear to characterize the numerical and 
phenotypic changes in peripheral blood leukocytes fol- 
lowing an intravenous endotoxin challenge. The first 
phase occurs in the period before the elicited hypercor- 
tisolemia and is marked by a profound granulocytopenia, 
monocytopenia, and lymphocytopenia with a significant 
percentage increase in CD4 lymphocytes and a significant 
decrease in the CD8 subset percentage. The period of sig- 
nificant elevations in plasma cortisol in response to en- 
dotoxin exposure comprises the second phase. With the 
rise in plasma cortisol is noted a reversal of the early gran- 
ulocytopenia to a significant granulocytosis, a gradual 
resolution of the initial monccytopenia, and a continued 
progressive lymphocytopenia with a rate of decline that 
is less marked than in the first phase. In addition, there 
were significant percentage changes in all the lymphocyte 
subsets examined during the second phase with, most no- 
tably, a reversal of the percentage increase in the CD4 
subpopulation to a significant decrease and a gradual rise 
in the CD8 lymphocyte percentage from its early nadir. 
The third and final phase consists of a resolution of the 
numerical and phenotypic changes in peripheral blood 
leukocytes that follows the period of hypercortisolemia. 
Thus, a distinct set of leukocyte changes correlates tem- 
porally with the second phase adrenocortical response 
evoked by endotoxin administration. 

Corticosteroids have profound effects on the immune 
system. Fauci and others'’!” have demonstrated that a 
single intravenous bolus of cortisol resulted in a prominent 
monecytopenia and lymphocytopenia with a decrease in 
the percentage of T lymphocytes. The decrease in T lym- 
phocytes was restricted to the T, (helper) subset while the 
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FIG. 8. Percentages of peripheral blood lymphocytes in CD20 and HLA- 
DR subsets in normal individuals before (Pre) and after five-minute in- 
fusion of 20 units/kg of lipopolysaccharide. All of the percentages were 
determined by fluorescence flow cytometry. Results are expressed as the 
mean plus or minus the standard error of the mean (+p < 0.05 and *p 
< 0.01 vs. preinfusion means by analysis of variance and Newman-Keuls 
test). 


T, (suppressor) cells were resistant to the effects of cortisol. 
Chronic oral corticosteroid administration led to similar 
changes in peripheral blood lymphocytes with a T-cell 
lymphocytopenia again comprised of a marked decrease 
in the number of CD4 (helper/inducer) cells with no 
change in CD8 (suppressor/cytotoxic) cell number.”° 
More recently, pathophysiologic steady-state plasma 


' cortisol concentrations (40 to 50 micrograms/deciliter) 


were produced in normal human volunteers via a constant 
six-hour cortisol infusion.! The constant infusion was 
used to avoid the high pharmacologic concentrations 
achieved with bolus dosing. These pathophysiologic ele- 
vations were associated with a significant granulocytosis, 
monocytopenia, and lymphocytopenia with significant 
numerical and percentage decreases in the CD3 (total T) 


TABLE 1. Effects of Epinephrine Infusion on Plasma Epinephrine 
and Leukocyte Subsets 


Postinfusion Time 


Preinfusion 3 Hours 6 Hours 
Epinephrine, pg/ml 73+ 10* 626+ 671 765 +1321 
Monocytes, cells/mm? 528+ 86 856+ 784 837+ 874 
Granulocytes, cells/mm? 4526 +748 8384 +659 8097+ 725t 
Lymphocytes, cells/mm? 1509+ 59 2090 +320 1626+ 192 
CD3, % Jé+ 3 7+ 3 72+ 2 
CD4, % 45+ 2 42+ 2 47+ 2 
CD8, % 30+ 2 29+ 3 Zit “2s 
CD11, % 82+ 2 79+ 1 79+ 1 
HLA-DR, % Lice. 1 17+ 1 Zi 2 


* Mean + SEM, N = 6. 
* p < 0.05 by analysis of variance and Dunnet’s test. 
t p < 0.01 by analysis of variance and Dunnet’s test. 
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and CD4 (helper/inducer) lymphocyte subsets without any 
change noted in the CD8 (suppressor/cytotoxic) subset. 
Apparently, relatively small elevations in plasma cortisol 
similar to those achieved by the adrenal glands in stress 
states can have the same profound effects on peripheral 
blood leukocyte dynamics as pharmacologic plasma con- 
centrations of corticosteroids. 

The administration of bacterial endotoxin to humans 
results in elevations in plasma cortisol.” °? The secretion 
of cortisol may be due to interleukin-1, which is stimu- 
latory to the hypothalamo-pituitary-adrenal axis”!-*7, and: 
is elaborated in response to endotoxin itself or to cach- 
ectin/TNF, which is elicited by endotoxin.!*74 Typically, 
following an endotoxin challenge, plasma cortisol is ele- 
vated for a period of several hours with peak elevations 
observed three to four hours after bolus. In this study, 
using 20 units/kilogram of highly purified bacterial en- 
dotoxin, a similar time course was noted with plasma 
cortisol elevated from one to five hours after bolus with 
a peak concentration three hours after bolus. Whether the 
plasma ‘cortisol elevations noted after bolus were asso- 

ciated temporally with the same characteristic numerical 
-and phenotypic leukocyte changes as seen with in vivo 
cortisol administration was the focus of this study. 

Following the endotoxin challenge and coinciding with 
the rise in plasma cortisol was a progression of the first- 
phase lymphocytopenia with significant percentage de- 
creases in CD3 (total T) and CD4 (helper/inducer) cells. 
CD8 (suppressor/cytotoxic) cells showed a slight but sig- 
nificant percentage increase during the period of cortisol 
elevation. The shift in circulating granulocyte numbers 
from a profound granulocytopenia one hour after bolus 
to a marked granulocytosis two hours after bolus was also 
associated temporally with the msing concentration of 
plasma cortisol. These findings lend support to the hy- 
pothesis that the peripheral blood leukocyte dynamics that 
occur after the first hour following endotoxin exposure 
may be glucocorticoid mediated. The peripheral blood 
leukocyte kinetics noted with epinephrine infusion (Table 
1) provide further evidence for the primacy of the adre- 
nocortical response. Despite plasma epinephrine levels 


three to four.times higher than those achieved with en-’ 


dotoxin administration, epinephrine infusion failed to 
produce any significant change in lymphocyte number or 
subset percentage. 

Some of the alterations in senhen blood leukocyte 
subsets temporally associated with the endotoxin-induced 
hypercortisolemia do not correlate with previously doc- 
umented effects of corticosteroids. For example, the in- 
creasing monocyte number during cortisol elevation fol- 
lowing an early monocyte nadir would not be predicted 
from the profound monocytopenia observed with in vivo 
cortisol administration. However, the endotoxin challenge 
' also produced a significant elevation in plasma epineph- 
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rine. As the present study and others**-2? have demon- 
strated, in vivo catecholamine administration induces a 
monocytosis and granulocytosis. Thus one could postulate 
a relative dominance of the catecholamine effect over that 
of the corticosteroid effect in accounting for the resolving 
monocytopenia during the period of cortisol elevation. 
The relative rise in CD8 percentage during the hypercor- 
tisolemia of an endotoxin challenge and not with in vivo 
cortisol administration may reflect a slow return to its 
baseline percentage following a first-phase nadir prompted 
by endotoxin itself or an elicited mediator. 

Two recent reports have examined the changes in pe- 
ripheral blood total leukocyte numbers after an endotoxin 
challenge in the setting of cyclo-oxygenase inhibition.?* 
Pretreatment of human volunteers with ibuprofen signif- 
icantly diminished plasma ACTH and cortisol concen- 
trations. There was, however, no significant difference in 
total white blood cell counts between patients who were 
or were not pretreated with ibuprofen. These data sug- 
gested that the adrenocortical response is not a primary 
influence on leukocyte kinetics following endotoxin ex- 
posure. However, despite diminished ACTH and cortisol 
levels with ibuprofen pretreatment, cortisol peak concen- 
trations still showed a significant 70% increase over base- 
line levels. Such an elevation could still exert a significant 
influence on peripheral blood leukocyte dynamics and 
thus account for the similar leukocyte changes observed 
with or without cyclo-oxygenase inhibition. 

The numerical and phenotypic leukocyte changes ob- 
served acutely following LPS infusion but before the rise 
in plasma cortisol (first phase) could be due to the ability 
of endotoxin to modify endothelial cell. antigens, partic- 
ularly the adherence antigens,*°?! which would selectively 
sequester subpopulations of leukocytes from the periph- 
eral circulation. Alternatively, a mediator induced by en- 
dotoxin could be responsible for the early leukocyte 
changes. Cachectin/TNF is elevated early following an 
endotoxin challenge!” and as documented in the current 
study exhibits a peak concentration almost two hours be- 
fore the cortisol peak level. Cachectin/TNF promotes a 
profound granulocytopenia 15 minutes after in vivo ad- 
ministration in humans and thus may account for the 
early granulocytopenia and other leukocyte changes noted 
one hour after an endotoxin bolus. 

The study of the immunological effects of endotoxin 
exposure by examination of peripheral blood leukocytes 
provides a view of only one of the many lymphoid com- 
partments possibly involved. Peripheral blood leukocyte 
dynamics following an endotoxin challenge may reflect 
alterations in leukocyte trafficking between compart- 
ments, but the leukocytic composition of these other lym- 
phoid organs cannot be determined in humans. However, 
the temporal characteristics and magnitude of the changes 
in peripheral blood hormones and leukocyte numbers and 
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phenotypes provides an indication of the lymphoid cell 
redistibution and, similarly, the possible significance of 
the adrenal cortex in that action. 

Endotoxin administration in normal human volunteers 
is characterized by marked changes in leukocyte subsets 
consisting of monocytopenia, lymphocytopenia, and an 
early granulocytopenia that promptly reverses to a gran- 
ulocytosis. T-cell percentages are significantly decreased 
with the decline restricted to the CD4 (helper/inducer) 
subset. These leukocyte changes that occur in association 
with an endotoxin-induced plasma hypercortisolemia 
mimic the leukocyte responses to similar pathophysiologic 
corticosteroid elevations achieved with in vivo hydrocor- 
tisone infusion. Thus the adrenocortical response to en- 
dotoxin exposure may play an important role in the coin- 
cident dynamics of peripheral blood leukocytes. 
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Aortic Surgery. John J. Bergan, and James S. T. Yao. 574 pp. 
Philadelphia: W. B. Saunders Company, 1988. $99.00. 


THIS BOOK RECORDS THE presentations of the Northwestern 
Vascular Surgery Conference held each year in Chicago. Begin- 
ning with the erudite foreword by Dr. David L. Nahrwold, 
Chairman of the Department of Surgery at Northwestern, and 
the scholarly preface by Drs. Bergan and Yao, it evolves into 
the current thoughts of a carefully selected group of vascular 
surgeons presenting their approaches to diseases of the aorta. 
The stage is set with an appropriate historical perspective and 
some basic etiological considerations regarding the diseases to 
be discussed. It makes a logical step-wise progression through 


preparation of the patient, surgery of the thoracoabdominal 


aorta, aortic aneurysm, concomitant aortic and other surgical 
procedures, alternative aortic surgical procedures, pediatric aortic 
surgery, and the complications in aortic surgery. The highlights 
of the book are the succinct but well-referenced chapters and 
carefully selected illustrations with superb line drawings docu- 
menting the surgical techniques and ideas presented. The 40 
chapters appropriately cover common as well as esoteric prob- 
lems in performing surgery on the aorta. 

This volume is not only a reference book for the bookshelf 
but is essential reading for those who wish to stay abreast of 
current philosophies regarding operations on the aorta. 


GEORGE JOHNSON, JR., M.D. 
Chapel Hill, North Carolina 


Surgical Care in the United States: A Policy Perspective. Ma- 
delon Lubin Finkel, 201 pp. Baltimore, MD: Johns Hopkins 
University Press, 1988. $32.50. 


THIS BOOK OFFERS SOME solid first words on United States sur- 
gical-care policy. As mentioned by Roos, Sisk, and Ruby in the 
final chapters, much remains to be done than can currently be 
reported. The book is heavy (too heavy, perhaps) on small area 
variation (SAV) descriptions and analysis, but the editor drew 
on the appropriate experts to describe and discuss this line of 
inquiry. Although Lewis was the prophet, Wennberg’s disciple- 
ship has been so vigorous that American federal surgical policy 
discussions have been largely defined by his SAY inittatives, 
despite the legitimate criticisms of Moore and the refinements 
of the Roos’. Nearly one half of the volume details the SAV 
story in the words of these experts. l 

Other chapters include changes in care delivery (Ermann), 
issues on regionalization and impact of volume on outcome 
(Luft and Hunt), surgeon supply (Rutkow), domestic assessment 
of surgical procedures (Sisk and Ruby), and international delivery 
of surgical care (Vayda and Barnsley). Essentially no mention 
is made of the entire fields of decision analysis and medical 
decision making, the policy impact of a litigious society (ob- 
stetrical care being a dramatic example), or implications of fed- 
eral plans to change procedure via cognitive reimbursement. 
These are major disappointments because the book would have 
been much more valuable had they been covered. 


Despite these limitations the book gives a worthwhile, readable 
map of the current surgical-care policy landscape. Because greatly 
increased federal financial support for health services research 
is coming soon, I would hope that more surgeons fascinated by 
these stories will contribute to this increasingly important di- 
mension for the future of surgery—surgical services research 
and policy. 


DON E. DETMER, M.D. 
Charlottesville, Virginia 


Management of Abdominal Hernias. H. Brendan Devlin. 222 
pp. Stoneham, MA: Butterworths, 1988. $90.00. 


WHEN PRESENTED WITH THIS book to review, I was less than 
enthusiastic due in part to my unfamiliarity with Mr. Devlin’s 
prose. However, after the first page I was hooked. The book is 
wholly admirable. The style moves briskly and commands at- 
tention while the presentation of the subject, the “Management 
of Abdominal Hernias” is compelling. Mr. Devlin’s approach 
has been to leaven the many facets of knowledge about hernia 
with historical vignettes of sheer delight. The anatomy of cau- 
sation and repair is dealt with in a fulsome fashion. 

In particular, the section on evaluation of results of operations 
is excellent, tribute being paid correctly to the work of Doran 
who first applied prospective randomized trials to evaluate var- 
ious methods of treating hernias, the only rational alternative 
to the erratic diggings in the statistical slag heap that accumulated 
from the beginning of the century to the end of World War II. 
Adequate samples and follow-up numbers are now being pub- 
lished from various clinics specializing in hernia repair to allow 
intelligent selection of operation to be made. Thus the technique 
practiced at the Shouldice Clinic produces a recurrence rate, 
over the period 1970 to date, of 0.8% for inguinal hernia repair 
in the author’s hands. As is widely recognized, however, results 
are operator dependent. Arguing “Management of Abdominal 
Hernias” from the premise that the choice of operator is as im- 
portant as the choice of operation, one arrives at the conclusion 
that the herniologist is here to stay. But this is no new notion. 
Amos R. Koontz at the Johns Hopkins Hospital was one such 
more than 50 years ago. 

Another chapter of general interest in this monograph con- 
cerns the dramatic change in hospital stay and the rise of day 
surgery for hernia patients that has taken place over the past 25 
to 30 years. The seed of this concept was sown by Morisani in 
Naples almost a century ago but it was a prolonged gestation 
with delivery date speeded up by DRGs. The scheme outlined 
for treating patients with hernia on an outpatient basis is full 
and detailed. 

Among the many other topics dealt with is the use of synthetic 
and biologic materials in hernia repair, which varies from the 
bizarre to the credible. The author, dealing with and damning 
the fascial darn, is perhaps less than fair to McArthur’s-method 
of repair of hernia with autologous fascia from the aponeurosis 
of the external oblique muscle using a technique later described 
by Gallie of Toronto. 
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Although the book is somewhat awkward for bedtime reading, 
the format is an excellent example of Butterworths Press house 
style. The author has been most fortunate in obtaining the ser- 
vices of Gillian Lee for the artwork. Her skill in illustration adds 
much to all the writings she graces. This books is no exception. 
It will be widely read and, I believe, will become a classic. It 
should be mandatory reading for surgeons in training to show 
the elements of the most common operation in surgery; it ought 
to be read by physicians in training to show how a medical 
monograph is constructed. 


GEORGE SMITH, M.D. 
Fayetteville, North Carolina 


Cardiac Monitoring (Vol. 6, No. 4 (December 1988) in the series 
Anesthesiology Clinics of North America. Jonathan L. Benumof 
(Consulting Editor), and Paul G. Barash (Guest Editor), 289 pp. 
Philadelphia: W. B. Saunders, 1988. $28. 00. 


THE INCREASING DEMAND FOR surgical intervention in patients 
with cardiovascular disease has resulted in a great deal of atten- 
tion focused on cardiac monitoring by both surgeons and anes- 
thesiologists. The present monograph edited by Barash is one 
of several recent works on cardiac monitoring of surgical patients 


from the anesthesiologist’s perspective. Because of its multiau- 


thored nature, coverage of diferent aspects of cardiac monitoring 
varies considerably in quality. 

Sections on preoperative cardiovascular assessment, electrical 
safety, noninvasive blood pressure measurement, cardiac output 
monitoring, and monitoring the coronary circulation are excel- 
lent reviews of currently available information. Discussion of 
direct invasive arterial blood pressure measurement is noticeably 
absent. The chapter on pulmonary artery catheterization gives 
inadequate coverage of its indications, risks, and benefits for 
surgical patients. The review of transesophageal echocardiog- 
raphy is superficial and does not adequately address the specificity 
of abnormal regional ventricular wall motion as an index of 


myocardial ischemia. Quantitative analysis of regional wall mo- ` 


tion and systolic wall thickening is not meaningfully discussed. 
The use of computer generated diagrams instead of photographs 
of actual echocardiographic images detracts from the chapter. 
The determination of right ventricular ejection fraction using 
pulmonary artery catheters with rapid response thermistors is 
nicely examined, but the justification for their use and how such 
information may help direct therapy is weak. The section on 
intravenous infusion devices completely omits any mention of 


_computer-assisted infusion systems, which can be used to rapidly 


establish and maintain desired steady-state plasma drug levels 
based on known pharmicokinetic data. 

The arrangement of the text could have been improved by 
moving the chapters on the physiologic basis of cardiac moni- 


‘toring and basic electrocardiography from the end to the begin- 


ning. The present first chapter on historical background is largely 
devoted to ancient folklore and for the most part is irrelevant 
to present-day monitoring. 

As one issue in a series, this monograph certainly contains 
valuable information, but as an independent work it is not rec- 
ommended as highly as other, more comprehensive texts on 
cardiac monitoring. 


RUSSELL F. HILL, M.D. 
Durham, North Carolina 
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Perspectives in Vascular Surgery” Vol. 1, No. 1, QMP Clinical 
Series. Jerry Goldstone. 162 pp. St. Louis, MO: Quality Medical 
Publishing, 1988. $165.00 (US); $171.00 (Canada); $193.00 
(Intl.). 


THE NOT INSIGNIFICANT PRICE of the inchoate Perspectives in 
Vascular Surgery includes the semiannual, hard-backed Per- 
spectives supplemented 10 times annually by a monthly rews- 
letter, “Vascular Surgical Outlook”. While it is premature to 
predict the ultimate success and impact of this novel periodical, 
Volume | Number | successfully accomplishes its editors’ goal 
of providing an up-to-date forum of clinical and scientific rel- 
evance for the practicing vascular surgeon. 

Perspectives is described by Dr. Goldstone in his preface as 
“neither journal nor text-book, but rather a hybrid of the two.” 
In reality, the reader has more the feeling of witnessing the spir- 
ited give-and-take of a day-long vascular surgical symposium. 
The contributors are well-recognized clinician—scholars whose 
opinions are rather more firmly and conversationally expressed 
than in the cautious, often sterile prose of the usual textbook 
chapter or journal article. In spite of this, anecdotal reference, 
often the companion of opinion, is carefully avoided through 
illustrative, frequently quite extensive personal series and schol- 
arly literature review. Broad categories of vascular disease are 
addressed in feature articles (lasers, aortic aneurysm, corcnary 
artery disease, reversed versus in situ vein bypass), discussions 
of surgical technique (venous reconstruction and direct ap- 
proaches to the deep femoral artery), and review articles (smoking 
and atherosclerosis, and asymptomatic carotid stenosis). Emi- 
nently readable, Perspectives provides a great deal of information 
that can be comfortably addressed in a sitting or two. Particularly 
enjoyable is the superb quality of the photographs, due perhaps 
in part to the very high quality of paper used. I cannot recall 
examples of arteriograms and magnetic resonance images, es- 
pecially, that have been more clearly reproduced. 

Criticisms of this first issue are remarkably few. Perhaps my 
only significant concern is whether future issues will be able to 
maintain the very high standards of the original. I cannot be as 
enthusiastic about the inaugural issue of the companion news- 
letter, “Vascular Surgical Outlook” (January, 1989). Although 
a different format and clearly different in its immediate purpose, 
the initial “Outlook” is a rather ordinary compendium of largely 
foreign articles and meeting presentations with appropriate ed- 
itorial comment. As such, it contrasts rather sharply with the 
extraordinary and innovative Perspectives. One future challenge 
for the editors will be to enliven “Outlook,” perhaps by providing 
space for reader interactions, which is absent from Perspectives. 
Perspectives in Vascular Surgery can stand alone, however, and 
gives promise of being a worthwhile, entertaining and, I hope, 
enduring addition to the vascular surgeon’s library. 


BRUCE M. SMITH, M.D. 
Nashville, Tennessee 


Handbook of Chronic Pain Management. C. David Tollison, 
and Special Consultants John R. Satterthwaite, Joseph W. Tol- 
lison, and C. Glenn Trent. 714 pp. Baltimore, MD: Williams & 
Wilkins, 1988. $87.95. 


IDEALLY, TREATMENT OF PAIN consists in removal of its under- 
lying cause; however, if this is not possible symptomatic therapy 
is clearly indicated. Effective pain management skillfully coor- 
dinates diverse treatments to obtain maximum pain relief with 
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minimum side effects. This is greatly facilitated by using an in- 
terdisciplinary approach, which has the potential to avoid lim- 
itations inherent in single- specialty evaluation. The pain man- 
agement plan (including diagnostic studies) is determined by the 
consensus of a group of specialists and may be directed as much 
towards modification of the emotional, behavioral, and social 
aspects of chronic pain as towards moderation of nociception. 

This text is dedicated to promoting the interdisciplinary ap- 
proach. Didactically, it is divided into five sections with a total 
of 51 chapters. Section I briefly reviews foundations including 
anatomy, electrodiagnostic studies, and principles of psycholog- 
ical evaluation. The next two sections are the main part of the 
book: Section II devotes itself to a general description of treat- 
ment modalities; Section III details the management of painful 
conditions grouped by body region (headaches, facial pain, back 
and spinal pain, genitourinary pain) and by common etiology 
(malignant disorders, central-peripheral pain, musculoskeletal 
pain). Section IV discusses selected topics ranging from post- 
operative pain management to the legal aspects of pain. Section 
V reports on general analysis of pain centers and the assessment 
of a specific program. 

Chapters are written by experts and cover the entire field of 
pain management. They are well organized and should be easily 
understood by people of diverse backgrounds. Use of the book 
is facilitated by a practical organization and a large index. Ilus- 
trations are clear and there are ample references at the end of 
each chapter. 

The book is recommended to all health care professionals but 
will be of particular service to those who are only intermittently 
involved in treating chronic pain. 


BRUNO J. URBAN, M.D. 
Durham, North Carolina 


Atlas of Bedside Procedures (2nd Edition). Thomas J. Vander 
Salm, ed. (Bruce S. Cutler, and H. Brownell Wheeler, coeditors). 
526 pp. Boston, Little Brown and Company, 1988. $49.50. 


BOOK REVIEWS 
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THE ATLAS OF BEDSIDE PROCEDURES is a unique book 
that describes 50 bedside techniques that are applicable either 
in emergency or elective settings. The well-illustrated format is 
clear and concise. Each chapter includes the indications for a 
particular technique, the necessary equipment, the preparation 
of the patient, the specific details employed, and the complica- 
tions. In some cases a selected, annotated bibliography is added. 
The topics discussed cover a wide ground, including, for example, 
placement of cut-downs; percutaneous introduction of central 
venous pressure, Swan-Ganz and hemodialysis catheters; arterial 
punctures; pericardiocentesis; defibrillation; thoracentesis and 
chest tube insertion; nasogastric and endotracheal intubation; 
sigmoidoscopy; culdocentesis; fine-needle biopsies of breast or 
thyroid; bone marrow aspiration; and lumbar puncture. 

The first edition of the Atlas (which was published in several 
languages) has been extensively revised and expanded. The book 
will prove particularly useful in the current age of monitoring 
and documentation. While many residents in training programs 
learn directly from their colleagues, physicians in smaller hos- 
pitals or those lacking an “expert” nearby will benefit by the 
cookbook approach. Clearly, alternative techniques do exist (such 
as in methods of introduction of an internal jugular venous 
catheter), but the steps are clear and undoubtedly have been 
successful for the authors. 

Perhaps the main objection to this book is that it covers such 
a variety of topics. Thus many of the techniques may not be 
applicable to a particular physician’s practice, with the possible 
exception of a “generalist” who functions as an intensivist, trau- 
matologist, and as a general—thoracic—-vascular surgeon. The 
book should be available in libraries in most hospitals and in 
emergency rooms. It also could prove useful to administrators 
ordering operating room supplies or hospital equipment. Medical 
and surgical residents should be aware that such a publication 
is available for consultation. And they should be consoled by 
the fact that the book’s pink cover is easily recognized on the 
shelf in a stressful situation. 


JOHN P. WELCH, M.D. 
Hartford, Connecticut 


October 25, 1988 
Dear Editor: 


The paper by Doctor Seigler and his colleagues gives an in- 
teresting analysis of patients presenting with thin melanomas 


(less than 0.76 mm thick) who subsequently have a poor prog- 


nosis by development of metastases. They point out that a num- 
ber of authors have reported this occurrence, but we are surprised 
at the high incidence seen in this sertes—4.8% after a mean 
follow up of only 3.6 years. We were particularly interested be- 
cause this is in marked contrast to our own experience of 467 
melanomas seen primarily over a period of 17 years and managed 
in our department from the beginning. Of this group, 140 patients 
(30%) presented with thin melanomas as defined by Seigler’s 
group in their paper. None of these has yet developed any form 
of metastasis over a follow-up period of median 4 years, inter- 
quartile range of 1.3 to 7 years. From Seigler’s experience one 
would expect between five and ten cases to have metastasized. 
It is interesting to speculate why our experience should differ so 
markedly from that of Duke University. 

It has been our practice to estimate clinically the thickness of 
all melanomas before surgical excision. We have recently -re- 
corded these data’ and have shown that it is possible to estimate 
thickness in this way with a high degree of accuracy. The main 
advantage of this routine is that it allows one to question the 
histological report of thickness if this disagrees markedly with 
the clinical estimate. This happens in about 5% of patients and 
leads to review of the pathologically reported thickness and usu- 
ally to the cutting of new sections. Invariably it is shown that 
the major error lies in the histological estimate. The reasons for 
this are related to changes in the specimen after excision. The 
area of nodularity that may be obvious clinically is usually less 
obvious after excision-——presumably because decreased vascu- 
larity results in flattening of nodularity. This is more marked in 
dehydrated specimens after formalin fixation. Hence, a small 
nodule that is obvious clinically mav be missed by the pathologist 
even with multiple sectioning. It is useful to identify any small 
nodular area before excision so the pathologist can concentrate 
on this area. 

It is of interest that the incidence of metastasing thin mela- 
nomas in Seigler’s series is approximately equal to the incidence 
of under-estimation of thickness by pathologists in our experi- 
ence. We would not have become aware of this problem had we 
not made it routine practice to estimate clinical thickness. We 
suspect that most metastasing thin melanomas are an artifact 


of pathological sampling, particularly when the surgeon respon- _ 


sible for definitive treatment does not have the opportunity to 
examine the melanoma before its removal. 

We recommend the practice of routine clinical estimation of 
thickness and of undertaking further multiple sections of mel- 
anomas, when discrepancy is found. 

This matter is not merely academic. Because of our good 
results with thin melanomas, we see these patients only one time 
each year in follow-up, at which time thicker melanomas are 
seen mort frequently. This policy has proved to be a safe one, 
but only if special efforts are taken to avoid errors of thickness 
measurement based solely on pathology reports. 


L.E. HUGHES 
G.A. PRITCHARD 
Cardiff, Wales 
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December 21, 1988 
Dear Editor: 


The experience with 681 patients with thin melanomas (Bres- 
low thickness <0.76 mm), reported in the study “Lethal ‘Thin’ 
Malignant Melanoma: Identifying Patients at Risk,”! is part of 
a 15-year experience with more than 5500 melanoma patients. 
Among these, there were 583 patients with thin melanomas who 
were referred without evidence of metastatic disease: 28 (4.8%) 
developed recurrent or metastatic disease during a mean follow- 
up of 3.6 years. Professor Hughes has reported a more favorable 
prognosis, with none of 140 patients developing recurrent disease 
in a mean follow-up of 4 years. He suggests that differences in 
histologic methods may explain differences in outcome. 

Professor Hughes raises an interesting and important point; 
the techniques of histologic preparation can be critical to the 
accurate assessment of prognosis from the microscopic findings. 
It is for this reason that the original histologic condition of all 
patients referred to our institution are studied by our pathologist 
in detail before a definitive diagnosis is made; Breslow thickness 
is measured carefully on step sections. Although it is conceivable 
that the methods of clinical estimation used by Professor Hughes 
may ensure accuracy in identifying a thin melanoma, we suspect 
that other factors explain the difference in outcome in the two 
series. 

The University of Wales has managed the melanomas in its 
series from the time of initial diagnosis and biopsy through the 
follow-up period. The clinical experience as a primary care center 
for melanoma has permitted the consistent use of special his- 
tologic measures to ensure the accurate measurement of thick- 
ness. There is a high prevalence of thin melanomas (30%) among 
the total number of melanomas in that series. 

The Duke experience resembles that of most referral centers 
and differs from the Wales experience in that initial histologic 
evaluation is usually performed before referral. The slides are 
reviewed by our pathologist, but there is less control on the 
methods of fixation and sectioning. The thin melanomas account 
for only 10% of the total experience at this referral center, com- 
pared to 30% at the University of Wales. This distribution sug- 
gests that the Wales population is a lower-risk population. 

It is conceivable that the referral process selects for thin mel- 
anomas on higher-risk sites or with higher-risk histologic char- 
acteristics. It has been observed that 40% of the patients with 
metastasizing thin melanomas had histologic evidence of severe 
regression and that severe regression was present in 20% of the 
thin melanomas. The importance of this characteristic was 
stressed in our report and has also been cited by Breslow.’ It is 
unknown what proportion of the Hughes series had regressive 
characteristics. 

Breslow’s initial experience that melanomas measuring less 
than 0.76 mm thick did not metastasize was based on a series 
of 54 patients’ who did not metastasize for at least 5 years. How- 
ever, Holmes et al.* subsequently reported ten metastatic thin 
melanomas in a series of 294 patients (3.4%). In a letter to the 
editor of Annals of Surgery, Breslow discusses Holmes’ report: 


249 


250 


the original pathology was reviewed by Clark, who verified that 
the metastasizing thin melanomas initially studied at UCLA had 
been adequately sampled. These included lesions with evidence 
of extensive regression. Since that time, metastasizing thin mel- 
~ anomas have been reported by many authors, including Gromet, 
Woods, Paladugu, Naruns, and Shaw. ? The incidence of me- 
tastasis from thin melanomas in these 5 series has been reported 
as 3.8%, 3%, 22%, 5.5%, and 7.2%, respectively. 

In summary, the experience of Hughes represents a substantial 
series of patients managed in a primary care setting, with ex- 
cellent outcome after excision of thin melanomas. The experi- 
ence in a tertiary care referral center in a different part of the 
world is likely to reflect a different patient population. Hughes 
suggests that changes in the methods of histologic evaluation 
may permit a more reliable definition of a “thin” melanoma. 
This could be an important development, and further evaluation 
of the histopathologic/clinical correlation is warranted. At pres- 
ent, however, the literature supports the findings that a small 
but measurable percentage of patients with thin melanomas do 
develop metastases, and that there are clinical and histologic 
variables that may assist in identifying the patients at risk. 


CRAIG L. SLINGLUFF, JR., M.D. 
H.F. SEIGLER, M.D. 
Durham, North Carolina 
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December 15, 1988 
Dear Editor: 


Dr Skinner and his colleagues should be complimented on 
their excellent study, ““Nonpalpable Breast Lesion At Biopsy: A 
Detailed Analysis of Radiographic Features” (Ann Surg 1988; 
208:203). I would only note (at the last paragraph) that among 
“the simple techniques that may increase the sensitivity and 
specificity of conventional mammograms,” in the case of intra- 
cystic cancer, is the insufflation of air (after ultrasonography, 
paracentesis, and aspiration). In this way, one may see. on a 
new mammogram, many calcifications that were previously not 
visible. ! 

GEORGE H. SAKORAFAS 
Athens, Greece 
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January 12, 1989 
Dear Editor: 


We appreciate Dr. Sakorafas’ comments. The method of in- 
sufflating air into the breast to visualize small calcifications takes 
advantage of the difference in density between gas and calcium. 
We have no personal experience with this method. What is not 
known, however, 1s whether an increase in the sensitivity for 
discovering small calcifications leads to an increased sensitivity 
for the diagnosis of breast cancer. In our study, we have shown 
that the character of mammographic calcifications (i.e., size, 
clustering, or density) is not helpful in predicting the presence 
of cancer. It is possible that the nearly microscopic calcifications 
seen only after the insufflation of air may be likely to be associated 
with carcinoma. If this is the case, then this may become a very 
useful technique. 


MICHAEL A. SKINNER, M.D. 
‘Durham, North Carolina 


December 15, 1988 
Dear Editor: 


Hopman and coworkers' have clearly demonstrated that the 
long-acting analogue of somatostatin—-SMS 20 1-995—is highly 
effective in the prevention of clinical symptoms related to the 
dumping syndrome. 

However, the exact mechanism of the dumping syndrome 
following gastric resection is yet unknown, a number of inves- 
tigations having shown that the release of gastrointestinal hor- 
mones plays an important role in the development of the symp- 
toms. The benefit of somatostatin in the dumping syndrome is 
based theoretically on its hormone-release blocking effect. Hop- 
man and colleagues studied the changes of plasma insulin level 
only and did not tnvestigate the characteristics of other hor- 
mones. But besides insulin, the dynamic parameters of other 
hormones are also necessary to explain all the signs characteristic 
of this syndrome. 

We investigated eight patients (mean age, 51 years) presenting 
with the symptoms of early and late dumping syndrome follow- 
ing Billroth II gastric resection. 

All of the patients underwent two oral glucose challenges with 
75 g of glucose to provoke the dumping symptoms. In double- 
blind fashion and in random order either 50 ug SMS 201-995 
or isotonic sodium chloride was given subcutaneously 15 minutes 
before the oral intake of glucose. The subjective symptoms of 
the patients were monitored during the challenges and packed- 
cell volume, pulse rate, and the plasma levels of vasoactive in- 
testinal polypeptide (VIP), gastric inhibitory peptid (GIP), insulin 
and blood glucose levels were determined by standard techniques 
and radioimmunoassay. The results of the two glucose challenges 
were compared using paired Student’s t-tests. 

With placebo all patients experienced the subjective symptoms 
(weakness, epigastric distress, fainting, palpitation) of the early 
dumping syndrome. In this study significant increases were de- 
tected (initial levels and maximum changes; mean +,SD) in 
pulse rate (from 66 + 8, to 102 + 10 beats/min), in packed-cell 
volume (from 0.36 + 0.05 to 0.43 + 0.1 1/1), and in the plasma 
level of VIP (3.0 + 0.5 to 10.2 + 1.8 pmol/!). 
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FIG. 1. Packed-cell volume, pulse rate, vasoactive intestinale polypeptide (VIP), insulin, gastric inhibitory peptid (GIP), and blood poo levels 
during glucose challenges with (broken line) and without (solid line) SMS 201-995; * p < 0.01; **, p < 0.001. 
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During the glucose challenge with SMS 201-995 premedica- 
tion, three patients had nausea after the intake of glucose, but 
the characteristic signs of early dumping were missing. During 
this study there were no changes in the pulse rate, packed-cell 
volume, or in VIP plasma concentration. 

The difference between the various parameters during the two 
glucose challenges was statistically significant (p < 0.001; 
Fig. 1, p. 251). 

Concerning the signs of the late dumping syndrome, in the 
control study seven patients showed postprandial hypoglycemia. 
During this period the blood glucose decreased from 4.8 + 0.8 
to 1.8 + 1.1 mmol/liter (mean + SD). 

In these patients the insulin (from 10 + 0.9 to 40 + 9.1 uE/ 
ml) and GIP (from 100 + 13 to 220 + 41 pg/ml) levels showed 
significant (p < 0.001) increases compared to the initial values. 

During the application of SMS 201-995 hypoglycemia did 
not develop and plasma insulin and GIP levels remained un- 
changed (Fig. 1}. 

Our results show that the long-acting somatostatin analogue 
SMS 201-995 alleviates the early dumping symptoms by inhib- 
iting the VIP release. 

In the development of postprandial hypoglycemia, the in- 
creased insulin release seems to play a role, which is partly due 
to the hyperglycemia. The SMS 201-995 inhibits the release of 
these hormones and its application prevents the symptoms re- 


lated to the dumping syndrome. Our results support the data of ` 


Hopman and coworkers, while the hormonal changes in our 
study provide a more detailed explanation of the beneficial effect 
of SMS 201-995 in the dumping syndrome. 


Z. TULASSAY, M.D. 
T. TULASSAY, M.D. 


R. GUPTA, M.D. 
G. CIERNY, M.D. 
Budapest, Hungary 
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| February 8, 1989 
Dear Editor: 


We congratulate Dr.Tulassay and colleagues with their study 
in eight patients suffering from early and late dumping after 
Billroth II gastric resection. In their study they demonstrate that 
subcutaneous injection of the long-acting somatostatin analogue 
SMS 201-995 fifteen minutes before an oral glucose. challenge 
alleviates symptoms of postprandial dumping and prevents 
postprandial rise in pulse rate, packed-cell volume, GIP, and 
insulin levels. Because, in their study, SMS 201-995 also abolishes 
postprandial increase of plasma VIP, which is a potent vasodi- 
latory agent, they argue that SMS 201-995 exerts its beneficial 
effect on the early dumping symptoms by inhibition of VIP re- 
lease. Although excessive VIP release may be one of the major 
precipitating factors in the development of the vasomotor dis- 
turbances associated with the syndrome, evidence has been pre- 
sented that a raised plasma VIP concentration alone does not 
fully explain the pathogenesis of the syndrome.! In addition, a 
sudden reduction of plasma volume resulting from a rapid shift 
of fluid to the small intestinal lumen after a meal and a con- 
comittant rise in other vasoactive peptides, such as neurotensin, 
seem to be important.” Perhaps the effect of SMS 201-995 on 
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the dumping syndrome is directed, at least in part, to these 
mechanisms. Furthermore, the beneficial effect of SMS 201-995 
on circulatory disturbances may be related to a direct pressor 
effect on hemodynamics. 

Therefore further studies of SMS 201 -995 in postprandial 
dumping will be needed before more definite conclusions on its 
mode of action can be made. 


WIM P.M. HOPMAN 

RUUD G.J. WOLBERINK 
CORNELIS B.H.W. LAMERS 
JAN H.M. VAN TONGEREN 
Nijmegen, The Netherlands 
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December 28, 1988 
Dear Editor: 


We read with interest the report, “Increased Incidence of Car- 
diac Contusion in Patients with Traumatic Thoracic Aortic 
Rupture,” by Kram et al. (Ann Surg 1988;208:615-618). This 
coincides with our clinical experience in the past decade and 
raises several issues for additional discussion. The coexistence 
of these severe postinjury lesions is not surprising in view of 
their shared mechanism, i.e., high-speed/rapid deceleration. In- 
deed, the vast majority of such patients in our experience have 
been drivers in head-on collisions and, in several cases, a three- 
point restraint device has salvaged them from an otherwise fatal 
head injury.’ What is the influence of injury mechanism/factors 
on this pattern of chest injury; e.g., direction of vehicular impact, 
vehicular speed at impact, position of vehicular occupant, seat 
belt restraint, and so on? Identifying common features may fa- 
cilitate early recognition of these high-risk, challenging patients. 
The authors state that while the intra-aortic balloon pump (IABP 
may be effective for myocardial contusion, it is contraindicated 
in the presence of a torn aortic artery. This admonition may 
apply to preoperative use of the IABP, but we have emploved 
this device successfully for postoperative cardiac support follow- 
ing graft interposition repair of a ruptured thoracic aorta.” Finally 
the authors terminate their management algorithm at the op- 
erative repair decision point. In addition to optimal hemody- 
namic monitoring, what should be done to support the injured 
heart intraoperatively? We have found left atrial—-femoral arterial 
bypass without systemic anticoagulation (Biomedicus Centrifugal 
Pump, Minneapolis, MN)? valuable during thoracic aortic cross- 
clamping in these patients with significant myocardial contusion. 


MARK A. AMMONS, M.D. 

ERNEST E. MOORE, M.D. 

FREDERICK A. Moore, M.D. 
` Denver, Colorado 
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January 26, 1989 
Dear Editor: 


We thank the distinguished Trauma Surgery Group at Denver 
General Hospital for their letter concerning our paper on com- 
bined cardiac contusion and thoracic aortic rupture. It focuses 
on the main purpose of our paper, to increase physician aware- 
ness of the possible coexistence of cardiac contusion in patients 
with traumatic thoracic aortic rupture. Almost 15 years ago, 
Drapanas’ described cardiac contusion as a capricious syndrome; 
unfortunately, the validity of this description remains essentially 
unchanged today, especially in patients with thoracic aortic rup- 
ture. In fact, reports in the surgical literature describe patients 
with combined cardiac contusion and aortic rupture, but without 
mention of their diagnostic, therapeutic, or prognostic problems. 
For example, a recent analysis of nsx factors following thoracic 
aortic rupture, by Sturm et al.,? dcecuments cardiac injury in 
43% of patients dead at the scene. Although this was the most 
common associated fatal injury, it was not specifically mentioned 
in their discussion. Nevertheless, the paper does deserve consid- 
erable merit because the authors state that death from thoracic 
aortic rupture commonly results from associated injuries and 
that this fact has not been sufficiently stressed by previous au- 
thors. Thus, we commend Ammons and coworkers* for adding 
their experience with this type of cambined injury and for fo- 
cusing on the importance of the problem. 

It is difficult to comment with certainty regarding the influence 
of injury mechanism on this pattern of chest injury because it 
has been reported to occur in automobile occupants, motorcycle 
riders, pedestrians, crush victims, and those who have fallen 
from great heights. It is likely that several different mechanisms 
of injury exist, including high-speed deceleration; the latter has 
received the greatest attention and is often used to justify aor- 
tography in otherwise asymptomatic victims of blunt chest 
trauma. However, it is presently impossible to accurately quan- 
titate the force applied to the chest of a person subjected to high- 
speed deceleration, and therefore the selection of those at greatest 
risk for aortic and cardiac injury by this means is extremely 
difficult. By substituting deceleration for acceleration in Newton’s 
Law, force equals mass times deceleration; however, deceleration 
is defined as the decrease in velocity over time, which cannot 
be ascertained accurately in the clinical situation. Factors that 
complicate the selection process further include the unknown 
direction and speed at impact, the ability of the thoracic wall to 
dissipate the energy of impact, and the influence of seat belts or 
shoulder harnesses. For example, the decreased legal speed limit 
for automobiles in Minnesota from 70 to 55 mph resulted in a 
significant decrease in morbidity and mortality rates following 
chest trauma, but the incidence of both aortic and cardiac injury 
increased during the study period.’ Thus although we agree that 
identifying risk factors is important. we have stressed increased 
physician awareness, rapid diagnosis, and early repair! because 
these represent more resolvable problems. 

It is generally accepted that the preoperative use of intra-aortic 
balloon counterpulsation is contraindicated in patients with 
aortic rupture; we have no experience with this modality in the 
postoperative management of these patients. However, Bregman’ 
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lists previous aortic surgery as a relative contraindication to the 
use of the intra-aortic balloon pump, and Austen’ reported eight 
cases of aortic dissection (four of which were fatal) secondary 
to its use in cardiac patients at the Massachusetts General Hos- 
pital. Nevertheless this modality has potential value as a life- 
saving maneuver in an otherwise unsalvageable patient, and we 
eagerly await publication of the Denver General Hospital ex- 
perience.* However, we are concerned with the safety of anti- 
coagulation in patients who may be harboring intracranial, intra- 
abdominal, or orthopedic injuries, as well as in patients with 
extensive myocardial damage. 

We agree with the use of the Biomedicus pump (without sys- 
temic anticoagulation) in supporting the injured heart intra- 
operatively in selected patients. However because most high- 
speed accident injuries occur near community hospitals, insis- 
tence on having this modality present before attempting repair 
may place the Emergency Department physician in the risky 
position of transferring the patient with combined thoracic aortic 
rupture and cardiac contusion to another institution. 

We believe the mainstay of preoperative management is rapid 
diagnosis and early repair; the important aspects of intraoperative 
management to avoid include: (1) reduced preload from hy- 
povolemia that may compromise cardiac output and myocarcial 
perfusion, and (2) overdistension of the injured ventricle from 
fluid overload or increased afterload, such as occurs with high 
aortic cross-clamping. The injured ventricle may be poorly 
compliant and therefore unable to respond to either of these 
conditions adequately. The pulmonary artery catheter may be 
used to provide early warning of these potentially correctable 
problems before they become irreversible. The major concern 
is to maintain cardiac performance at its best possible level; 
fluids, inotropic agents, and afterload reduction may be used as 
necessary. The margin for error in the severely injured heart 
may be exceedingly narrow and, therefore, it is much easier and 
more effective to prevent circulatory problems than to treat these 
after they occur. We thank Dr. Ammons and colleagues for 
helping to increase physician awareness of this problem. As so 
eloquently stated by Dr. Eiseman during his discussion of Dra- 
panas’ paper on cardiac contusion at the annual meeting of the 
Southern Surgical Association 15 years ago, “A syndrome is 
capricious only so long as the observer is ignorant.” 


HARRY B. KRAM, M.D. 
PAUL L. APPEL, M.P.A. 
WILLIAM C. SHOEMAKER, M.D. 
Los Angeles, California 
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January 24, 1989 


Dear Editor: 


Tompkins et al.' describe the superlative results of burn treat- 
ment at the Shriners Burns Institute, Boston, Massachusetts from 
1968 to 1986 in terms of mortality reduction. I write to introduce 
two caveats to their conclusions that (1) the increased survival 
may be attributed solely to improvements in treatment, and (2) 
that age does not influence survival in burn victims. 

The Shrine Hospital is a supraregional burn referral center. 
The authors make no mention of the myriad ways the referral 
and the preadmission patient-evaluation processes may operate 
to select patients in favor of survival. Certainly, in most instances, 
normal referral patterns operate to exclude statistical outliers 
such as patients who experience a catastrophic physiologic re- 
sponse to a small injury.” The authors excluded 22 patients who 
were transferred to Shriners in spite of their moribund status. 
This process of patient selection is what makes it possible for 
referral centers to report a zero mortality rate in any given burn- 
size category.” Twenty-two per cent of the patients were one 
year old; patients in this age group had an unusually low mor- 
tality rate: 0.8%, presumably because of smaller burns; the pre- 
ponderance of one-year olds may disproportionately lower the 
overall mortality rate. Although the annual average patient age 
did not change over the study interval, ifthe one-year old patients 
were disproportionately concentrated in the later calendar years, 
this would operate to bring the mortality rate down. Similarly, 
the interval from injury to admission declined over the study. 
This shorter interval was associated with a lower mortality rate 
than in the longer intervals. 

The concept that visceral strength or physiologic reserve is 
responsible for the resistance to death following thermal injury 
. conforms to clinical experience and is consistent with mortality 
data from other studies.” As visceral strength peaks around the 
age of puberty, it is not surprising that a curve describing the 
relationship between the logit of probability of death and age 
based on more than 11,000 patients from 12 burn units suggests 
that the greatest resistance to death from a burn of any given 
size is found in patients aged 11 to 15 years.” This concept would 
suppose that infants are more vulnerable to death by virtue of 
visceral immaturity, everything else being equal, and is not con- 
troverted by the data of the authors presented in their Table 1.' 
In this context, age serves as a surrogate for physiologic reserve. 
It is, perhaps, worth remembering that even when a factor, such 
as age or sex, isn’t “statistically significant” that this does not 
necessarily mean that it “does not influence survival at all,” as 
the authors chose to state it. 


W. R. CLARK, JR., M.D. 
Syracuse, New York 
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March 8, 1989 
Dear Editor: 


We wish to thank Dr. William Clark for his recent letter and © 
for the opportunity to clarify any potential misunderstandings 
resulting from our recent report.' As indicated in equation 2, 
burn size (%BSA), time to SBI admission (TIME), and year of 
admission (YEAR) each were highly significant terms in the 
multiple logistic regression analysis of survival, and therefore: 
each of these parameters strongly influenced survival rates at 
our institution. With burn size and time to SBI admission taken 
into consideration, we have made the reasonable assumption 
that the highly significant additional improvement in survival 
over time can be attributed to changes in treatment over time. 

Concerning Dr. Clark’s point about age, we agree that age has 
a major effect on survival in adults, as previously reported by 
many investigators, including our experience in adults.? How- 


ever, in the multiple logistical regression analysis using age as a 


variable, no correlation was seen for age with survival in our 
purely pediatric population (ages 11 days to 19 years). Therefore, 
we strongly disagree with the view that infants are necessarily 
“more vulnerable to death,” and therefore should have a lower 
survival rate with all other variables considered equal. This result 
is not likely to artifact because it is strongly supported by our 
large sample population of patients in this institution, which 
focuses its entire attention on the care of the burned child. 
The proportion of infants (aged 12 to 24 months) did increase 
from 17% (180 of 1051 patients) in 1968 to 1980 to 30% (187 
of 623 patients) in 1981 to 1986. However the influence of dis- 
tribution of age on survival was considered in both univariate 
and multivariate analysis and in neither case was the influence 


of age significant. The highly significant improvement in survival 


over time (p < 0.001) was seen either with or without an ad- 
justment for age. 

As mentioned above and indicated in equation 2, time to SBI 
admission (TIME) was reported to strongly influence survival. 
Therefore we would agree that this parameter is an important 
determinant of survival; however, we would disagree with its 
interpretation as being a simple relationship in which delay nec- 
essarily selects for patient survival. The TIME terms in equation 
2 were not linear but were polynomial and the relationship of 
TIME and mortality was certainly nonlinear, as seen in Figure 
6. We believe that this nonlinear relationship is the result of at 
least two opposing influences as the transfer is delayed: (1) mor- 
tally injured patients die at the transferring institution, and (2) 
sepsis becomes established before definitive treatment of the 
wound begins at the receiving institution. The first factor tends 
to increase survival rates at the receiving institution by elimi- 
nating moribund patients from its survival statistics, and the 
latter factor decreases survival rates at the receiving institution 
by its delay in definitive wound treatment. The average time to 
transfer in the SBI study of 3.9 days (1984 to 1986) was com- 
parable to the average delay of three days reported recently by 
Clark. 

Last, the low death rate in the study from 1981 to 1986 of 
1% (6 of 623 patients) was not simply the result of patient ex- 
clusion; in the entire study group of 1696 patients, only 22 (1. 3%) 
were excluded. Considering all comers in 1981 to 1986, 14 deaths 
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occurred as compared to 78 deaths from 1968 to 1980; seven 
of the eight excluded patients in this period (1981 to 1986) were 
transferred to SBI within four hours of injury, met criteria for 
brain death, died within 48 hours of admission, and were re- 
ported in the study but were not considered in further statistical 
analysis because of their brain death and nontreatment status. 


RONALD G. TOMPKINS .- 


Boston, Massachusetts 
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February 10, 1989 
Dear Editor: 


I read with interest the timely article by Yeatman et al.' en- 
titled, “Sphincter-Saving Procedures for Distal Carcinoma of 


-the Rectum.” The authors have provided us with an excellent 


review of an issue in which most would agree that in the hands 
of an experienced surgeon, restorative resection is possible for 
the treatment of low rectal neoplasms with oncologic disease 
control and survival equivalent to that provided by abdomi- 
noperineal resection (APER). 


One aspect of both low anterior resection (LAR) and APER | 


that was omitted from their discussion of current issues was the 
preservation of sexual function. As many as 46% of men either 
undergoing LAR or APER will exhibit erectile dysfunction.” A 
landmark publication in Annals of Surgery has detailed the 
anatomy of the pelvic plexus and branches that innervate the 
corpora cavernosa and outlines sound anatomic principles to 
avoid postoperative sexual dysfunction in patients undergoing 
radical prostatectomy.” Heald? has recently applied this knowl- 
edge to his technique of low anterior resection and emphasized 
the importance of sharp dissection within the pelvis under direct 
visualization. One is likely to divide the neurovascular bundle 
at the time of division of the middle rectal vessels as the plexuses 
curve across medially and just distally. Heald recommends di- 
viding the middle rectal vessels jusi outside what one judges to 
be the edge of the mesorectum, rather than to risk damage by 
cutting them perfectly flush laterally. There must, however, be 
no substantial fatty or lymphatic residues on the side wall after 
division of these vessels. Application of these principles in the 


surgery for radical prostatectomy performed by Dr. Walsh has 


left 83% of his patients potent without compromising tumor 
margins, _ 

It is hoped that the colorectal surgeon of the next decade will 
be able to offer the patient a better chance of preservation of 
sexual function as well as anal continence. 


OLIVER J. MCANENA, M:D. 
Denver, Colorado 
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March 3, 1989 


Dear Editor: 


We would like to thank Dr. McAnena for his thoughtful and 
constructive comments concerning the need for colorectal sur- 
geons to be familiar with the pelvic plexus of nerves providing 
innervation to the corpora cavernosa. The anatomy of the nerves 
responsible for sexual potency has been elegantly described by 
Walsh and Schlegel! and this knowledge has been skillfully and 
successfully applied by surgical artisans such as Heald, Husbane, 
and Ryall*? and by Williams and Slack.’ 

As surgical oncologists, our first concern is that of an adequate 
mesenteric resection with tumor-free margins. Clearly, removing 
lymphatic vessels draining the tumor bed leads to fewer pelvic 
recurrences. It should also be recognized, however, that it may 
be possible to remove an appropriate amount of mesorectum 
while sparing the underlying autonomic nerves. Dr. McAnena 
has referred to the “Holy Plane” recently described by Heald. 
This optimal dissection plane exists just medial to the hypogastric 
plexi and may be meticulously developed such that adequate 
mesorectum is removed in continuity with the tumor-bearing 
rectum while preserving these anterolateral pelvic nerves. 

Rectal surgery may result in three basic nerve injuries resulting 
in various forms of sexual dysfunction: injuries to hypogastric 
nerves, sacral roots, and pelvic plexi (at the level of the lateral 
rectal stalks), Perhaps some of these nerve deficits may be 
avoided, without compromising surgical margins, through careful 
dissections of the rectum in these regions. Preserving unilateral 
pelvic autonomic function in situations in which tumors are 
localized laterally may also preserve sexual function. We applaud 
the anatomic advances described by our urologic colleagues ard 
support attempts at using dissection planes that both preserve 
sexual potency and permit simultaneous local control of cancer 
in the performance of sphincter-saving procedures. 


TIMOTHY J. YEATMAN 
KIRBY I. BLAND 
Gainesville, Florida 
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eligible for appointment at the professorial level. Qualified applicants 
from any of the above disciplines are invited to apply. The University 
of South Florida is an Affirmative Action/Equal Opportunity 
Employer. Inquiries and applications should be directed to: Martin 
Silbiger, M.D.,; USF College of Medicine; Department of 
Radiology; 12901 Bruce B. Downs Boulevard, Box 17; Tampa, 
Alorida 33612. 


General Surgeon: Mature, board certified general surgeon for full- 
tme position at Department of Veterans Affairs Medical Center in 
Muskogee, Oklahoma. Duties will include general surgery, endos- 
capy and outpatient surgery. Some chest and vascular experience an 
aset but not required. Potential for resident instruction and faculty 
appointment at University of Oklahoma Tulsa Medical College. 
Salary and faculty appointment dependent upon qualifications. 
Generous benefits package. Reply to: C. Douglas Wood, M.D., 
Ctief, Surgical Service, VAMC Muskogee, Honor Heights 
Drive, Muskogee, OK 74401. Phone (918) 683-3261 x 300. EOE 


BEAUTIFUL COAST OF MAINE—Excellent opportunity for 
B/C-B/E GENERAL SURGEON. Solo or association with 
estaolished practice. Full guarantee plus other incentives. Year round 
recreational area on Penobscot Bay. Smog free, low crime environ- 
men . Fully accredited, multispecialty acute care hospital serving 
35,00+. Send C-V to Executive Director, Waldo County 
Gencral Hospital, P.O. Box 287, Belfast, ME 04915, Tel. (207) 
338-2500. 


VASCULAR SURGEON—The Department of Surgery, Medical 
College of Pennsylvania is recruiting a board certified/eligible 
vasculer surgeon for a full-time academic position. Responsibilities 
include patient care, research, medical student and resident instruc- 
tion. Eenefits and insurance included. Apply to Division of 
Vascular Surgery, Medical College of Pennsylvania, Philadel- 
phia, PA 19129. 
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ARIZONA—General and Vascular Surgeons: For metro Phoenix/ 
Tucson. Quality solo/group opportunities available nationwide; 
BC/BE. Zall or send CV in confidence to: Mitch Young; MAI, Inc., 
PO Box 1804, Scottsdale, AZ 85252; 602-990-8080. 


TRAUMA/CRITICAL CARE FELLOW: For Level I Trauma 
Ctr. in 8¢5 bed University affiliated hospital in New York City. 
Service sees more than 1000 admissions annually. Prefer board 
eligible candidate, but would consider PGY 4. Available imme- 
diately. Send C.V. to: Thomas FE Nealon, Jr., M.D., St. Vincent’s 
Hospital, 153 West 11th Street, N.Y., N.Y. 10011. (212) 790- 


General Surgeon BE/BC to join a steadily growing established six 
person mul-i-specialty group (four family practitioners, one OB- 
GYN, one General Surgeon). We offer the opportunity to establish 
private praccice with no investment. Salary and partnership nego- 
tiable. Excelent fringe benefits available. Staff and insurance 
furnished. Service area population is approximately 20,000. Clinic 
is located next door to a 100 bed hospital. Good hunting and fishing 
area. Please end C.V. to: Box ANN8B, c/o J.B. Lippincott Co., 
East Washington Square, Philadelphia, PA 19105. 


SURGICAL ONCOLOGY FELLOWSHIP: The Fox Chase 
Cancer Center is now offering a 2-year fellowship program in its 
Department of Surgical Oncology. This is being offered to individ- 
uals with board eligibility certification in general surgery or a surgical 
subspecialty. The first year would involve rotations in the non- 
surgical aspects of oncology including medical oncology, radiation 
oncology, surgical pathology, head and neck surgical oncology, 
epidemiology, cancer prevention and pain management. The second 
year would be an operating year in the Department of Surgical 
Oncology. Under supervision, the fellow would perform major cases, 
oversee residents and medical students, and assume responsibility for 
conferences. The opportunity to become involved in laboratory 
projects is also available. The Department of Surgical Oncology of 
the Fox Chase Cancer Center has been designated as the Section of 
Surgical Oncology of Temple University. Incerested candidates may 
send letter of interest and curriculum vitae to: James L. Weese, MD, 
FACS, Chairman, Dept. of Surgical Oncology, Professor of 
Surgery, Chief, Section of Surgical Oncology, Temple University 
School of Medicine, Fox Chase Cancer Center, 7701 Burholme 
Ave., Phila., PA 19111. EOE. 


~ General Surgeon Needed to join four gereral surgeons at a major 
regional multispecialty clinic in Billings, Montana. Four university 
trained surgeons seek an associate with exemplary training. Training, 
experience, or interest in oncology is desirable. The general surgery 
department at the Billings Clinic provides services in general, 
thoracic and vascular surgery and receives referrals from a broad 
area for treatment of critical care, emergency, and gastrointestinal 
disease. The clinic setting includes all specialties and is adjacent to 
an outstanding tertiary care referral hospital. Excellent opportunity 
for top notch board eligible or board certified general surgeon 
looking for a challenging practice in a geographic area offering 
unlimited recreational potential. Those interested, please send CV to: 
John W. Heizer, M.D., Medical Director, The Billings Clinic, 
PO. Box 35100, Billings, Montana 59107-5100. 


VASCULAR SURGEON FELLOW: Deborah Heart & Lung 
Center is currently seeking qualified Physician for fellowship training 
or surgical rotations in adult vascular surgery, Outstanding educa- 
tional opportunities with excellent salary & benefits. Please contact: 
Lynn B. McGrath, M.D., Chairman, Dept. of Surgery, (609) 893- 
6611, Ext. 634, DEBORAH HEART & LUNG CENTER, 
Browns Mills, NJ 08015. 


GROUP HEALTH COOPERATIVE OF PUGET SOUND, a 
365,000-member group practice, currently has a position available 
for a General Surgeon. Referral only practice in a multi-specialty 
organization. To inquire, write: Director of Medical Staff Person- 
nel, Group Health Cooperative of Puget Sound, 521 Wall Street, 
Seattle, WA 98121. 


PRACTICES FOR SALE—Assumz an existing practice available 
in most states and all specialties. Practices appraised on-site. Fees 
paid by seller. Contact Dave Oberstein, Jackson & Coker, 400 
Perimeter Center Terrace, Suite 760 ASPB9, Atlanta, GA 30346, 
Tel. 1-800-544-1987. 





Generål/ Peripheral Vascular Surgeon—-BC/BE with fellowship 
in peripheral vascular surgery to join two busy general surgeons in 
medium size midwestern city. Close to metropolitan area and two 
university medical centers. Excellent hospital facilities with young, 
progressive medical staff. Benefits and salary leading to partnership 
opportunity. Send CV to Box ANNS8A, c/o J.B. Lippincott 
Company, East Washington Square, Philadelphia, PA 19105. 


Classified Advertising 


Miles Pharmaceuticals 


VIRGINIA—BC/BE General Surgeons to establish practice in 
family-oriented, waterside community in Eastern Virginia. Modern 
community hospital owned by multi-hospital system offering 
financial guarantees. Send vitae in confidence to: Janet Clayton, 
AM Care, P.O. Box 51068, Durham, NC 27717; or call 919-490- 
1707. 
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Indispensable tools for maintaining professional competency 


Problems in 
General Surgery 


Lloyd M. Nyhus, M.D., Editor. 


This series of hardbound volumes features a sym- 
posium on a specific topic in general surgery in each 
issue. It serves as an outlet for the publication of 
original articles aimed at defining and suggesting 
solutions to difficult problems encountered in prac- 
tice. Clinical problems are emphasized, with concen- 
tration on difficulties and complications. Leading 
authorities, chosen for their expert knowledge in their 
assigned topics, contribute articles on specific 
subjects, pooling the expertise of specialists for the 
benefit of generalists. 


Published quarterly. Individual rate $60.00 per year 


fea $75.00 (elsewhere). Rasidents $40.00 (U.S. 
only). 


Annals of Surgery 


Official Publication of The American Surgical 
Association, The Southern Surgical 
Association, Philadelphia Academy of 
Surgery, and the New York Surgical Society 
David C. Sabiston, Jr., M.D., Chairman of 
Editorial and Advisory Board. 

-Annal of Surgery—the world’s oldest.exciusively 
surgical journal—has provided the medical com- 
munity with reports on significant contributions to 
the advancement of surgical science and practice 
for over 100 years. Its 20,000 subscribers find it a 
practical way to keep up to date with important 


J 
developments in surgery. 
Published monthly. Individual rate $59.00 per year 
ett $80.00 (elsewhere). Residents $39.00 (U.S.), 
8.00 (Canada), 


The American Surgeon 


Official Publication of the Southeastern 
Surgical Congress, the Midwest Surgical 


- Association, and the Society of American 


Gastrointestinal and Endoscepic Surgeons 
(SAGES) 


P William Curreri, M.D., Editor-in-Chief. 


An authoritative forum for the publication of 
original papers contributing to the advancement of 
surgery. Each issue contains information on the 
clinical application of new methods used in the | 
management of patients; review articles with 
continuing education questions; condensed reviews 
of unusual case reports; “How | Do If’ articles 
emphasizing the technical aspects of surgery. 


Published monthly. Individual rate $53.00 per year 
US), $69.00 (elsewhere). Residants $32.00 (U.S. 
only). 


Current Surgery 


The Official Journal of the Association of 
Pragram Directors in Surgery i 


` Lloyd M. Nyhus, M.D., Editor. 


An internationally rencwned editorial board pre- 
pares abstracts from every dependable source of 


surgical information throughout the world. Drawing 
on their own clinical experience and that of other 
recognized authorities, the members of the board 
provide commentary to further amplify and 
illuminate the material contained in each abstract. 
Also included are editorials, reports of new 
discoveries, residents’ corner, and book reviews. 
Published bimonthly. Individual rate $43.00 K year 
Uo). 2.00 (elsewhere). Residents $28.00 (U.S.), 
.00 (Canada). 


Diseases of the 
Colon and Rectum 


Official Journal of the American Society of 
Colon and Rectal Surgeons and the | 
International Society of University Colon and 
Rectal Surgeons 


Robert W. Beart, Jr, M.D., Editor-in-Chief. 


This journal publishes reports on contemporary 
practice in the diagnosis and management of proc- - 
tologic diseases and surgery. International in scope, 
it includes articles from physicians worldwide who 
share their important discoveries that offer new 
insights into basic research in metabolism, 
pathology, virology, radiology, and the clinical 
practice of medicine and surgery. 

Published monthly. Individual rate $80.00 per year 
HS} $101.00 (elsewhere). Residents $44.00 
U.S.), $60.00 (Canada). 
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Philadelphia, PA 19105 ` 
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In Maryland, call collect 301-824-7300. 
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CHANGE OF 
ADDRESS? 


SUBSCRIPTION 
INQUIRIES? 


To notify us that 
your address has 
changed, or to make 


subscription inquiries, 


Subscribers should call 


toll free 
1-800-638-3030 


For speedy service, 
refer to the number 
appearing above your 
name on your 
address label. 


J.B. Lippincott Company 
Subscriber Service Dept. 
Downsville Pike, Route 3 

Box 20-B 
Hagerstown, Maryland 
21740 





Colyte 
PEG-3350 AND ELECTROLYTES FOR ORAL SOLUTION 
For Gastrointestinal Lavage 


INDICATIONS AND USAGE: COLYTE® is indicated for bowel 
Cleansing prior to colonoscopy or barium enema X-ray examina- 
tion. 


CONTRAINDICATIONS: COLYTE® is contraindicated in patients 
with ileus, gastric retention, gastrointestinal obstruction, bowel 
perforation, toxic colitis and toxic megacolon. 


WARNINGS: No additional ingredients, e.g. flavoring, should be 
added to the solution. COLYTE® should be used with caution in 
patients with severe ulcerative colitis. 


PRECAUTIONS: General: Patients with impaired gag reflex, 
unconscious or semiconscious patients and patients prone to re- 
gurgitation or aspiration should be observed during the adminis- 
tration of COLYTE® especially if it is administered via nasogastric 
tube. 

lf gastrointestinal obstruction or perforation is suspected 
appropriate studies should be performed to rule out these con- 
ditions before administration of COLYTE®. 


Drug Interactions: Orol medication administered within one 
hour of the start of administration of COLYTE® may be flushed from 
the gastrointestinal tract and not absorbed. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: 
Studies to evaluate carcinogenic or mutagenic potential or poten- 
tial to adversely affect male or female infertility have not been per- 
formed. 


Pregnancy: Category C. Animal reproduction studies have 
not been conducted with COLYTE® and it is not known whether 
COLYTE® can affect reproductive capacity or harm the fetus when 
administered to a pregnant patient. COLYTE® should be given to a 
pregnant patient only if clearly needed. 


Pediatric Use: Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS: Nausea, abdominal fullness and bloating 
are the most frequent adverse reactions, occurring in up to 50% of 
patients. Abdominal cramps, vomiting and anal irritation occur 
less frequently. These adverse reactions are transient. Isolated 
cases of urticaria, rhinorrhea and dermatitis have been reported 
which may represent allergic reactions. 


HOW SUPPLIED: In powdered form, for oral administration as a 
solution. Each disposable 4 liter jug contains the following: 
4 liter, (NDC 0021-4401-23): polyethylene glycol 3350 
240 g, sodium chloride 5.84 g, potassium chloride 2.98 g, 
sodium bicarbonate 6.72 g, sodium sulfate 22.72 g. 
Also available as five separately packaged components to prepare 
one gallon of solution for oral administration 
One gallon, (NDC 0021-0001-02): polyethylene glycol 
3350 227.1 g, sodium chloride 5.53 g, potassium chloride 
2.82 g, sodium bicarbonate 6.36 g, sodium sulfate 21.5 g. 


CAUTION: Federal law prohibits dispensing without a 
prescription. 


KEEP RECONSTITUTED SOLUTION REFRIGERATED. USE WITHIN 
48 HOURS. DISCARD UNUSED PORTION. 


Please see package insert for full prescribing information. 


DISTRIBUTED BY 
REED & CARNRICK 
Piscataway, NJ 08855-1328 June 1987 
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~ Aclear choice 
for a cleaner bowel 


Preferred by physicians and patients 
over traditional methods* 


Electrolyte lavage results in superior bowel cleansing’ causes less 
abdominal distress and takes only 4 hours vs 2 to 3 days. No wonder 
COLYTE is preferred over traditional methods of bowel preparation for 
GI procedures. 


Because it is the most economical PEG lavage available... and offers 
unsurpassed efficacy for a cleaner bowel...COLYTE is fhe logical 
choice when bowel preparation is required. 


PEG-3350 AND ELECTROLYTES FOR ORAL SOLUTION 


Please see following page for brief 
summary of prescribing information 


© 1988 Reed & Carnrick 


‘Basedonanationwide study of COLYTE. 
Data on file, Reed & Carrick. 





